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INTRODUCTION

"Isotopes--An Eight-Year Summary of United cially transforming atoms that is it now possible
States Distribution and Utilization" is a r6sum6 to make many more radioactive forms of atoms
of isotope utilization during the first 8h'. years than the number of stable ones existing in na-
of the United States Atomic Energy Comnis- ture. Only 270-odd stable forms, the stable
sion's distribution program. It is also a sup- isotopes of 81 of tie elements, are known,
plement to the Three-Year and Five-Year whereas more than 900 radioactive forms of 100
reports of similar title issued by the Comnmis- elements have already b)een identified, most of
sion in 1949 and 1951. This report has been which are made artificially.
prepared to provide a source for quick reference Radiosiotopes are produced in a nuclear re-
to the many uses of isotopes and a bibliography actor by either of two processes. (1) The two
on published work with them, categorized by parts into which a uranium atom splits, during
fields of use. the fission process, are radioisotopes of elements

At the cut-off (late for tle Five-Year Sum- from atomic numbers 30 to 64, and can be chem-
mary (June 30, 1951) the AEC had issued 13,103 ically separated from the remaining uranium.
authorizations (licenses) to procure isotopes; (2) The neutrons, which are emitted when ura-
at the end of 1954. a. total of 37,155 authoriza- nilm fissions, are present in tremendous num-
tions hald been issued. During this period the hers and produce radioisotopes from materials
number of United States firms and institutions inserted into the reactor.
using radioisotopes has increased from 622 to After withdrawal from the reactor, the radio-
2,416. Much of the increased growth has been active objects or materials can often be used
in industrial utilization: the total number of directly as sources of radiation. In other cases,
industrial firms using isotopes increased from radioisotopes can be separated chemically from
134 to 1,020. lie irradiated material in concentrated form.

The number of published papers involving Early in 1946, the .Manhattan Engineering
the use of isotopes increase(d from around 3,000 District established an Isotopes Branch at Oak
to more than 10,000. More than 7,000 recent Ridge, Tennessee, to instittite a distribution
open-literature references on work with radio- program.
active and stable isotopes appear in Appendix The first announcement of radioisotopes
V. Some special publications of interest to available under the distribution program was
isotope users are listed iii Appendix I. published in the June 14, 1946 issue of Science.

Before the advent of the nuclear reactor, The first shipment, a sniall unit of Carbon 14,
various radioisotopes were made through the was made to the Barnard Free Skin and Cancer
use of cyclotrons and other sources of high-speed Hospital in St. Louis, Mo., on August 2, 1946.
subatomic particles. They could, however, be A chronological outline of the development
produced only in minute quantities, at consider- of the isotopes distribution program is given in
able cost. Although their importance as re- Appendix II.
search tools was immediately recognized, they Less than 6 oniths following the start of the
were available to only a few investigators. The distribtition program, the Atomic Energy Comn-
discovery of nuclear fission changed the situa- mission took over the iladllillistration of the
tion dramatically. The nuclear reactor, in atomic energy project from the Manhattan
which Uranium 235 is fissioned through a (hain Engineering District. In a comparatively short,
reaction process, is a source of radioisotopes in time isotopes (listribu tioli becallme a well-estab-
quantities millions of times greater than avail- lished and growing program.
able previously, with a much greater variety of During the first year of tihe isotope distribu-
radiations, and at greatly reduiced cost. tion program, approximately 280 radioisotope

Radioisotopes of all the ordinarily stable shipments were made from Oak Ridge National
elements can now be produced. So diversified Laboratory to 83 instittutions which lised them
aind extensive have been the methods of artifl- primarily in fundamental research problems.
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2 ISOTOPES-S-YEAR SUMMARY

At the end of 5 years, approximately 19,300 curies. At the end of 5 y"'ars the average
shipments had gone to over 600 institutions shipment was apl)roximately 130 mi(. Today
throughout thee country, many of whom had tile average shipment is more tfhan 2,360 ie.
begun using the material in applied research The sharp increase in quantity per shipment
and routine applications. More than 2,700 in part reflects conunerial participation in the
shipments of concentrated stable isotopes had processing and( redistribution of radioisotopes.
been made. In addition to the domestic distri- The total number of isotope shipments re-
bution, some 1,100 radioisotope shipments had ceived by ultimate users is several thunes greater
gone to approximately 250 institutions in 31 than the quoted number of shipments from
countries abroad. ORNL. Miany commercial firms purchase

During the first 5 years, Oak Ridge National radioisotopes in b)ulk quantities and reprocess
l~aboratorv made all but a very few of the them into such forms as lal)eled compoutmds,

radioisotope shipments. Today, ORNI, re- certified pharmaceuticals, and custom-manufac-
mains the primary source of supply but tured radiation devices; thus, a single large unit
several other AEC Laboratories now distribute of radioactivity from ORNL mnav represent
radioisotopes. In addition to ORNL, radio- hundreds of shipments to individual licensed
isotopes are produced at Argonne National customers. In addition, thousands of ship-
Laboratory, Brookhaven National Laboratory, ments ha'e comprized small license-exempt
Mound Laboratory, the National Reactor quantities of radioisotopes. Such licetise-ex-
Testing Station and Hanford Atomic Products erupt quantities are readily exchanged between
Operation. institutions and are not included in the total

During 8% years of distribution, more than shipments mentioned above.
63,990 shipments have gone from ORNI, to \lore detailed (ldata on growth of the (iistri-
over 2,400 institutions throughout the country. bution program are contained in Appendix I11.
United States users have received, in addition, Information is furnished on in('reased isotope
more than 3,280 shipments of concentrated shipments and curies shipped per isotope as
stable isotopes. At the close of 1954, 46 well as per field of study in which the materials
countries outside the United States had re- have been used.
ceived 3,173 shipments of radioisotopes and 21 Several nuclear reactors are now operating
of concentrated stable isotopes at 659 insti- and many more will eventually be built. In
tutions. Distribution of stable isotopes abroad reactors tremendous amounts of useful radio-
was not begun until July 1954. isotopes are produced as byproducts. These

In the early days of the radioisotopes program are truly a great peacetime byproduct-
individual shipments averaged about 30 milli- perhaps most important of the atomic age.

S. . ... ... ... . . . nLlmu n m u m ln uuln n ll



Principles of Isotope Utilization

RADIOISOTOPES

Radioisotopes are useful as sources of ionizing plicat ion andl type of iiiformiit tonl desired.
radiations andl as tracer atomis. As sources of This is tie mo~de of Ilse inl medical radiographly
radiation, they aire utilized in nuchi tile same- wliezt a radioactive source replaces X-ray equip.
way ats radium and( X-rays ; as tracers, most, of mel(Id. III ilIdiiSt cV it pr0Vi(1C5 all ideal 5tIl

their uses are unique. The fundamental princi- for testing pulrposeýs anld is tile basis for most,
pies involvedl may be reduceed to three major radIioisotope applications inl prodluct, control.
types or modes of ulse, as shlown in Figure 1. Examples, of such appJlicat ions inc'lude invasuir-

WSIC MENCIPUS Of RMOISMOPE1 MUIITIOU ing the thickness of a mvn letof mietal,
radigrahin tie inernl srucureof )it p((v

of eqluipmlent or a casting, and umeasurnug thle
MUlISMNO WEM S 1111U AUMS FMMC 11111111110 1111110111m NlIMEHUM liqutidl level. inl a closedi conitainer..

Tracing .A to ins Throig/i, Thie r Rad Wioact itiy. -
Ill thle third[ Ilode of ulse (fig. 1). thle radio-
isotope serves as a tracer to follow thle comlpli-
cateil course of indlividlual b~atches of atomis in

Ldil1111PP L"W-0 I,~physical transfer or chemical or biological re-
No a a in 1MIXIIII CUuCA& uamua1"Mu Wv actions. To (late tllis is tile most implortanit uise,

S1M MnINoi EMWIN turn "MuT nonS now of radioisotopes. Radioisotopes ar'e ilncorpo-
IUPIM laf"NLAIIWUN MUMli a~ 1111111 ratedl into the materials of interest, rather than

ILUBEM 4111111= Urn Ut. A MWia n 111III used as fixed sources of radiation physically
JimUp 1. removed from them. The radiosiotope usedl in

Effect of Radiation on Ifatei iats.-In thel first a tracer serves as a tag or label, whichi reveals
mode, the radioisotope is used simply as a fixed tie presence arid identity of the material
source of radiation iflu('l as radliumn andl X-ray whethier it is involved in a physical or meehlani-
machines are used. There is a target material cal transfer or in a chemical or b)iochemical re-
which is to be affected in some mannier by the action. The material labeled and traced may
radliation. This material may be. a cancer be wvater running through a pipe to an under-
patient receiving radiation therapy, a plastic ground leak, sugar being utilized inl a human
being irradiatedl to change its properties, or a being, a. raw prodluct for milk p~rodluction in a
bag of potatoes being irradiated to prevent, cow's b)ody, or anl atom transferring from one
decay; it may be thel air surroundling a static kind of molecule to another inl a clhemical re-
eliminator or a phosphor incorporating a radio- action.
isotope which excites it to luminescence. The
ability of radliation to alter a material is imi- Radiocompounds*
portant in many ways.

Effet o Afteralson.Raditio.-I th seond InI many tracer studlies isotopes must be in-

mode of ulse (fig. 1), the effect. of the target, ma- coporeds Forexamle, carbon onea cofmthex cma-o

ternal on the radiation furnishes information pttd.Freape abn n ftl ao

about time material. Here the application is elements in plant and( animal systems, is pri-
based on measuring tine radiation whiceh pee manily of interest as part of a complex moleculc

trates or is reflected from tihe material. The *The prefix "radio-", denoting radiation. was used by NIarie Culrie. in

radiation-detect~ion dlevice may be a counter or 1898, when colninz "radionctivity". It haq been, extvnded to "radio-
Lsoiope" and to radlioactive elemients (radiogo(I) and suibstances contain.

a photographic emulsion, depending on tile ap- In!,, themn (rrrdiocornpounds, radiocollo](l).



4 ISOTOPES-8-YEAR .S[UMMARY

such as an amino acid or carbohydrate. Radio- tle samne energy. (4) Positronis are similar to
carbon, therefore, is often useful as a tracer only beta partices and have similar ionizing power
if it is first incorporated into the specific corn- b)il are positively charged. They are encouin-
pound to be studied. In many instances it, is tered less frequeintly than the other types of
also necessary to know tile exact location of the radiation.
radioisotope within the molecule, that is, to These ra(diations are (h etected through their
know which of the atoms within the molecule efrects on material. Radiation whiheh passes
is labeled. The radioisotope will serve as a through a material disrupts many of the mole-
true tracer for a compound only as long as it ciles, producing positively and negatively
remains part of the molecule. On the other charged fragments called ions. This ionization
hand, the same tracer atom can often be used is revealed by either tihe electrical effects or
to identify a second molecule formed from the reeomTbination effects of the ions.
first in a chemical sequence. The radiations are most commonily detected

Isotope-labeled compounds may be prepared and counted with sensitive electronic instru-
either by chemical or biological synthesis. To ments sutch as geiger counters or scintillation
(late nearly 1,000 labeled compounds are known counters. Wheni a particle of radiation enters
to have been synthesized. Of these more than a geiger counter, it ionizes a gas ant thJus trig-
500 have been synthesized by chenmical means, gers an electrical discharge. The resulting tiny
that is, by procedures similar to those used in current is amplified to pro(duce a signal seen,
preparing the nonradioactive form of the same heard, or mechanically counted.
compound. Some complex labeled compounds In a scintillation counter, the particle pro-
which cannot be prepared by ordinary chemical d(uces a minute flash of light in a liquid or crys-
procedures may be synthesized by the bio- tal as the disrupted molecules give off energy
chemical processes of animals and plants. in recombining. A light-sensitive device con-
Radioisotopes which have been injected into or verts the flash to a tiny cu'rrent which is then
fed to an animal may subsequently be extracted amplified.
from the blood, urine, or tissues as part of com-
plex organic compounds. Isotope-labeled com- Sensitivity and Specificity of Radoisotopes
pounds may similarly be extracted from plants.

Several hundred such compounds have been Radioisotopes permit materials to be traced
prepared by biological synthesis. The growth in minute quantities-a millionth to a hundred-
of isotope use, especially in the biological fields, millionth of the amount letlctal)h , bIy other

will depend to an increasing extent on the avail- means. It is easy to detect radiation from iso-
ability of a wide variety of labeled compounds. topes diluted with a billion or 10 billion

times as nmch nomradioactive material. Some

Detection of Radiation isotopes are still detectable after (hl1litiolis of

more than a. trillion.
The useful radiations from radioisotopes are This means that it would be), possil)e to

mainly of four types: (1) Alpha particles, iden- detect. one hundred-millionth of an ounce of
tical with the liucleus of a helium atom, are radioactive material dispersed, for example, in
emitted chiefly by isotopes of the heavier ele- a 1,000 1)0o(d cow.
ments. They produce intense ionization b)ut Eveni more important than sensitivity is the
have very little penetrating power. (2) Beta specifi(city of radioactive tratcer atoms. They
particles, identical with negative electrons, have can label a specific batch of atonis and enable
less ionizing power than alpha particles but are it, to be traced through a series of chemical or
much more penetrating. (3) Ganmma rays are physical processes. Thie labeled atoms (-anl be
highly penetrating electromagnetic radiation traCe~d in spite of multiple reactions with till-
and do most of their ionizing by means of high- merous other atoms or molecules. This permits
speed electrons they eject from atoms. X-rays the sorting out and nuntangling of complicated
are emitted from atoms by a different process processes which ('all he followed in no other
but are otherwise identical wvith ganmna rays of way. Tracer atoms are, therefore, unequaled



PRINCIPLES OF UTILIZATION 5

for studying complex chemical or biological An isotope dilution analysis can be likened to
processes. a method used b)" some invesiigators for esli-

The sensitivity of radioisotope detection, the niating the number of fish of a certain kind in a
specifiiity of the tracer method, and the unique pond. One hundred catfish, for exampph, can
radiation characteristics of individual radioac- be released into the pond with clipped tails as

tive species, pernit radioisotopes to be used as labels. After sufficient time for thorough mix-

powerful analytical tools in at least three major ing of the fish, a sample can Ie taken with a

ways. These may be referred to as "tracer net. If 100) catfish are removed, 10 of which

analysis," "isotope dilution analysis," and "'a'- are marked, it can be assumed that the catfish

tivation analysis.." have been dihlted to a ratio of 10 to 90, or 100
labeled to 900 unlabeled. Thus there were
900 catfish already in the pond.

Radioisotopes as Analytical Tools

Activation analylsis can be used( to identify and
Tracer aiialy.Nix constitutes perhaps the simplest measure an unknown element in a sample or to
type of tracer application. It. is designed to determine the concentration of an element
follow the fate of a radioelenhent or radiomate- known to be in the sample. This is accomplish-
rial from one stage to another of a reaction or ed by exposing the sample to neutrons, as in a
a process. It is primarily useful in determining nuclear reactor. Some of the atoms of each
the distribution of a specified material in a va- element present are made radioactive, and
riety of end products. The techniques may be those with suitable radiation characteristics can
either qualitative or quantitative. They (can h identified. The technique (an eitier bl)equali-
give information as to "what, when, and how" tative or quantitative. It is particularly useful
or can tell "'how much." In either case, the when the concentration of an unknown element
advantage is that the determinations can b)e is too low to be identified by chemical or spec-
made at. a concentration far below those per- troscopic methods or where standard methods of
mnitted by other methods. The analysis fre- analysis are not satisfactory because of inter-
quently involves chemical separation of the fering contaminants. Examples of applications
material at. a chosen stage of tile process. suited to activation analvsis include tile de-
Measurement is then made of the radioactivity termination of minor elements in animal tissue,
in the different separated fractions, garden products, anid minerals.

I.otope dilution analysis is a modification of
tracer analysis. It is particularly suited for STABLE ISOTOPES
determining the amount of a substance which
is present in a process or system at a concen- Stable isotopes are also valuable as tracers.

tration too low to be measured by chemical or aid their use has led to man- Important scien-

other methods or which cannot be separated tific discoveries. Most elements have one or

from the other materials for separate measure- more stable isotopes, which exist il fixed pro-

ment. Tie technique is based on putting into portions in the element as found in nature.

the system a small, known amount of radioac- The natural proportions may be changed by
tive (labeled) substance similar to the unlabeled increasing the relative abundance of one of the

substance to be measured. isotopes in a sample of the element. Such a

After a period of mixing, the ratio between concentrated stable isotope (can be followed in

labeled and unlabeled substance is the same a system by taking samples and observing the

throughout the system and can be measured changes produced in the relative abundance of
the isotope as normally found in the system.

with a counter in a sample withdrawn for test
purposes. The amount, originally in the system The isotope's abundance is determined with a

can then be computed from its ratio to the mass spectrometer, which -,orts out the isotopes
known amount added. of various weights. This method of tracing

.342234-4 -55 - 2



6 ~ISOTOPES- -Y EAR St'I MMARY

attolis is 15 altlalle kzil( hifs foun rd Considerab'itle 1C5C111(,I, likedical 4111 i"lliOsN I krfe(iczi tlI0-rkIIW.
use, but it is not ats Vversatile or its senlsitivye as 1agriculttiall-1 sti idies, clrivilicicl andl phyvsicail rv-
the Use of radi matlive tracers. search, and iiidulstria1l applicat lolls. Their use.-

Radioactive and stable isotopes have proved fulniess inl each of t hese broad1 fields. is di1scussed
especially 1)eleficild ill mledical a~lld biologivall ill the folloxvingt sect 10115.



Medical and Biological Research
No other field: has henlefte(I as profoundly impjortatnt ill hodly tilids andt tissues andi~ Is

from the ready, availiabilit v of raidioisotopehs aIs eiisilv X traced 1) *N Ilieanls of its radioisoitope,.

the life sciences. As t racer atoms these new Sodiumn 24. Ill oil( t *ype of riplictit on, Muss-

tools are so iuliiquel ' suit able to solution of t rated iii Figure 2, at 'solut ion of .oiuiuiioui salt,
problemns in thi; hield that, they seelin almost to or sodiumi chloride, is labeled with this isotop~e

have been creat ed for the puriipose. Bod l pro-- aind iinjected jint ravenoiioly. Transfer of sod i-

ess-es, in sickness and in healthi, are fundantieit- 111n1 to va rioti-s hody* sites is t hen t racedh and Incas-
tally' chemical bti at.(ar carried out oil such at dv- tired by ineatis of the Siodtium 24 ganinia raYs.
niamic, complex, atiti microscopic scalle tliit they
frequently defy, ordinlary, chemlical procedure., lAD IC0ACTIVE 509196 -Ii2

in their stud~y. Even the senisitive techniques of FOE STUDYING SODIUM 7IUNOVII IN 160Y

microchenmist ry are often too crude and11 slowTT
to analyze biological process-es. N2C APE F6ODSNA

Iracers5 of various kinds were used in bio- INJECTED ROOT FLUIDS AND DONE

logical studlies before the adlvent. of radioiso- ýMgASUAIIO FOR lead CONTENT/

topes. D3 es (can be used in some cases to fol-
low a material and reveal its presence. Peculiar
groups of atoms catn be joined to molecules of
a compoundl to idenitify it in later chemical tests S HOW S:
Such tracers c-an follow dy~namic. processes lbit RATES OF SODIUM TRANSFER TNUR ILOOD VESSEL WALL$

have two impllortant dlefects: (1) they are differ- I ATITO TISSUE FLUIDS - 50 165. SALT PER DAY

ent from the miaterial they trace so that there is LTO SWEAT IN 75 SECONDS
no ssuanc sin ~2-M4EDIUM-TO FLUID OF EYEIBRAIN-SPINAL CORD

noasrnethey follow the sae hemica 3- SLOW- TO @ONES AND TEETN
pathways and (2) where the tracedl material is FIOL'RE 2.
greatly diluted (luring at process, so much of
" foreign'' tracer must. be used that it affects thle The sp~eedl of this transfer and incorp~oration
process itself, into body compoundhs well illustrates the

The reason for supremacy of radioactive extreniel- ulYnamic qluality of life proceses.
tracers is thus apparenit.. They correspond inl Only a few secondls Aire requlired1 for the blood
size andl kind to the things they trace. They stream to carry thle sodiumn from one arm,
are not foreign or chemically (different. Indeedi, through thle heart~lt and lungs, and into tile ot her
they arc not added to a material-they are the arm. In another type of study, the conversion

material or a true part, of it. A molecule of of inljectedt radhiocarbon-lalbeled acetate into
vitamin B-12 is exactly that compound whether labeled carbon dioxide is found to start a~inio-.M
it has its cob~alt atom in a stable or in a radlio- immedhiately. The radioactivity in the exhialed

active form, anid the body treats it exactly the breath reaches a peak in about 153 minutes.
same. Radioisotopes, thecrefore, are ''nat~ural'' Often it is necessar ,y to trace a certain kind
tracers and, as far as biological processes are of molecule or part Of at molecule rat her thiai
(,nne(mrned, are no different from other atoms particular atoms. To meet this need, a grow-

except in their ability to sendl out signals to ing assortment of hundreds of organic molecules
identify their presence. These signals are the have been provided with radioactive replace-

radiations which can be detected by instru- merits for one or more of their atoms. These
ments as previously mentioned. tracer compounds, purchased from commercial

Except for the important elements oxygen processers or synthesized by the researcher
and nitrogen, useful radioactive forms are now himself, include. such materials as proteins,
available for most elements which enter iinto sugars, amino acids, vitamins, and hormones.
biological processes. Sodium, for example, is With so varied an array of research tools at his

7



(1011111111111,1d it Is nlot sur1pr~isinlg that the biologist; FATlE OF NORMAL METABOLITiES
has b~eenl able to thin aniswers to nian ' N perple'x- stp rie o-II(ivan.bl" wdk
itng problt'Tus of Itis sc'iencet. For riiaii'v of thli's' 54tJt 'lv~*t''ili( i' ieIui gWtI'

1)roh1&'t11, radioisotopes p~rovide to' first keY (o eipl J)Oell ill st 1(leis of 4 ie lloit iall clielliclm Il

a solutionl. activ ities, or* mlet alhodisll, of tilit, boll ' v \ell't 2

If tile litiliiati hodN t.'t alwaya's jpel'fet lY' '. Otitt'S, tlitSt' Sil~bts ntai' Wili'li 2ikle Id 411ilil tot

healthy, interest ini'its intiit 1i ies W.ould~ bl theseghi t'tt J211141c Or lt'ir J04 1th'i'd ) I It'. I '.i li

av4adet'luit. 111t, bt't'2111e thing~s -0~ wrong wiII Ii

its structuet I( 111(1 prlov45esse it be't'4)21' of prn tt''ll( 1 i'

112p0'412'e14) hillow. allu ha 41-11) beiil lea'2rnled
abo i I. Thi bt' 1) i,. wt 4 txc''iligh-ii Calcium Metabolism

1)mII~t 5Sli 42 l~e f (Of tilt, 92 na21turlI 1 t'leiiei 4. 1.5 ort 24) are'
essi ug raw nmaterial inlto prduts su2itablor for know to be4 essental~t11 to fife processes. 1\lote
Itse Iln buiildling or repairingitpasofr n%

r.o'ag 'tInt thetv w~ill lItv iit't'tt't. Food niole- oif these have beetn uised if) I rivter dtU tste-

cul,; irebroen ow an tlvirvne-v , ignied to show Ibltt nr ii'nial ilet abolisiti III Ibe
('plie' a t' hrokt'iie (It)'.'. till([ otheir fmuncionv s that1'.. o tia ' XaIiIlN -90derce t o ravecel' St ithi'sliowt Col

ut o k'( lee t' il t, p ro cess5t e sl I 'l t(k 11211 11 1( V il llaen e, ' tilice t ra t e ('( i nl th b o ne51 14s o f vo ln il il a s inl tillt -

inulst stdV iii good .(1k I wring ordler. This 'egtil- (411 I114 bone14 utajtike' witis ltiotit 404 pecet.It('
itt ~ V tor iru isp''trltt )ie.ttairv factors Iia'.e been founid whvlich retduee
atrvfuntiont i perforille l p inil *v 1)* iioj'- le11,ontfvicui ailib oIhbd
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fraction contained parts of the original glyCine may. inl ttirn, be co.ntrolled iM I hir act.ion bY
molecules. From tile way in which the C-14 other interfering slbst awmes.
activities varied from one stage of completion to The nechanlisn bY which tlh body controls
another the experimenters could draw up a thlie insulin liorinoine is being studied wit It todinle
"flow scheme" of g]ycine metabolisml. As ill 131-labeled insulin. Ai itz rnue-like systenm ill
ahnost all such metabolism studies, tilt' same the bodyv, called insuilinase, breaks down the
general scheme was found in both nornial and inisuliji molecule. By injecting labeled insulin
cancer tissue although significant differences into mice and then measuring tihe' radioactivitv
occurred in the relative importance of sonic of of the breakdownii produlcts in their livers, it was
tile steps. foinul that 1 percent of tihe insilin is destroyed

every 2 miniut es during at leasi het(, first 2 houirs.

NuceicAc MeThis destruction must evidently be taken into
Nucleic Acid Metabolism ii(caccotun in a11 1" colisideralwiol of diabetes

con trol.
Nucleic acid-protein combinations, the 1u- Further stidy has shown tchat tire liver on-

cleoprotein m olecules, are ti th essential m aterial rains s li nas sh own a t en live a-oag-

of cell n 'clei, including the chronmosonmes. Nu- t nisins aint i reliiase inhibitor. ai o enzyme a otag-

cleic acids, therefore, are fundamental to the 78 plerelit when injected a ialf-hour dtefore thoe

life of the cell and to heredity, arnd the Step-bYy- insulin. Thus, it seems t hat a alanrce is nor-

step processes in their production have receive( lins n T ine s eteems that( prbdace iono f

as much attention as those ill the case of pro- inially maintained i etweeli thle production. of

tein. In general, tihte same types of tracer disulion and its controlled destructioi. If pro-

techni(ques are applied to the two; these will lieit l on isslownorroestauctilidtoo etici condttie i
discussed further in relation to anti-metabolite ply of insulin drops and a (iabetic condition
drug action, develops. The insulinase inhibitor tends to

maintain tile sulpply, but whether this substance
will be effective as a treatment in diabetes must

Citric Acid Cycle be determined by clinical trials.
Insulin is necessary in tixe metabolism of glu-

Tracer techniques have also been used in cose, the form in which most food is absorbed
studies of the citric acid cycle. This cycle, a into the blood stream after digestion. Without
normal part of cell chemistry, was formerly it the final step of converting sugar to energy or
thought to be missing in malignant cells. How- stored fat (toes not take place. The exact site of
ever, since C-14-labeled carbon dioxide was the insulin action has not been determined but
found to be given off and citric acid to be pro- recent studies with radiocarbon suggest that tile
duced by such cells when fed C-[4-labteled car- hormone helps to transfer glucose through the
bohydrates and fatty acids, it was proved to cell walls and into tit (cell where it is actually
occur in them also. used.

Information is gained in this particular line of
Hormone Metabolism research both by labeling insulin antl by labeling

substances it acts upon. Radioisotopes pro-

Radioactive tagging of various hormones vide a two-way tool in this respect and permit

which are known to play an important role ill very effective dual attacks on many similar
the body has contributed greatly to their iinder- problems in cause and effect.

standing. Since a small injected quantity mixes A ral)id method for measuring pepsin activity
with the same substance produced by the glands, in the digestive system would be of benefit to
it is possible to find how the body treats its own clinical studies of this enzyme in pernicious
regulators. In tile system of checks and hal- anemia anti cases of gastric ulcer. The break-

ances, mentioned earlier, the hormones stinmin- (town of serum albumin by pepsin, during
late various chemical processes but, at least in digestion, produces certain products which can
some cases, are continually being destroyed by be chemically separated aftec excretion. After
enzymes which control their amount. Enzymes an oral tracer (lose of ('-14-labeled serum, the
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amount of these breakdown p~roduicts, and thuus Shortened rei-cell life was al1so fouind to be
thle pepsin activityv, c-all be (leterlnillied by counit- ille cautse of tilie ainemial which so oft eli occurs
itig their C>14 radiation. This miethod iii being inl cancerl cas~es. Suchu a1nemilhad Inlistiall V becll
developed and may p~rove of (diagnost ic value, attIrib~ut edl to redluced p jrodulct toll cii U1"v( ) byv

Sup~pressionl or replaceneinet of red-cell-formingII~

Iron Metabolism and Red Cell Life lfIeIll~ ) h uilguii ruii.hw
ever. ra idjoir-oll t raepiJu., sbioý%-d 1.l111 re(I cell1

A large anti implortant number of manl's dis- product lonl wits acet iially increased In thle iniajor-
eases are those which affect. that most important ity' of catses, and1( that tile tict loss waus dtle to
tissue, the blood(. Among these ma *y be mcmi- more rap~id dealth of thle cells.
tioned anemnia andt the cancer-like condhitions Bonle mar11row is tilie primiarY -it(- of red blood(
leukemnia and polycythemiia. vera. Tie advent cell prodluctilon. Iralcer Stutdies withI ratdjoironl
of radhioactive iron ];as providledtian enitirel*y nlew shiow. hiowever, that Ini sonlc pl~vI.cYI hiemia,
and powerful ineans of Studying thle productionl patienlts tihe sp~leenl prIoduces a1 excess, of the
andl makeup of bloo0d, 1)oth iII health andl (us- redi cells. By mjeans of a counter (lirectl 'v over
ease, b)ecause of the essential role of iron in the tile~ Spleen~, 15lis nicat~ed in Figure3. tile accumiu-
blood constituent, hemoglobin. About. 65 per-
cent of thle bodv's iron is in tile llemogloibin of iJ14fAW i&,%d~~
chell re lof th e i,2 percent is storedi in special UADOAC7l~IO

cels f tlelivrsp~leenl, antl bone marrow, and AIATIEl0

10 percent is anl essential part of other tissues.
Thus, nearl :y all of anl administered (lose of DIECINA. 0

radioironl will appear in the blood( andl blood- SCINTIL.LATION YCYTW4EMIJA VERA

forming organs andl canl be tracedl over ext endled COUTE

period1s by means of gamima raA s it emits. P QFRCO AEI

Tfwo types of measurements are used. Blood -m-sv*

or marrow samples canl be taken for detailed 4 __.___ a___ to__

analysis, or tile activity at a particular site canlDY
simply be fouild with anl externa~l counter. Thle
iirst method is usually used for measuring POLYCYTWEMIA VERA-INCREASED REO-CILL PRODUCTION IN SPLEEN

REFRACTORY ANSNIA - SPLZEN DESTROYS RED-CELLS AT ABNORMAL RLATE
plasmla clearance rate, the rate at which ironi NORMAL SUBSJECT -BALANCE OF PRODUCTION AND DESTRUCTION

carried by thle blood plasma from thle dligestive FIGURE 3.
tract is used tip in redl cell formation or is stored
for future use. Thle secondl method gives infor- laition of iron b)'y thle normal Spleen is found to
matiomi onl the rate of uptake in a particular rise to a modlest volume soon after aidministra-
organ or tissue. tion and then to dlecrease slowly' as the iron is

Tile iron isotope Fe-59 wats usedI in tilis wa ' , metabolized. The uptake in polvcvihemia, on
for example, in a study of red-cell prodluetion the other hand, is Seen) to be aibnornitill :v high
in persons suffering from polycythllenia Vera. Pi andl rapid because of tile greater Ilse of Iron in
(disease chlaracterizedl b~y over-lproduct ion of red redl cell p~rodulct ion.
b)100( cells. About. a tenfold increase in the Tfhe case of -evere refractor y allelula is seen
Ilse of ironl wa~s found in Such cases, considlerab~ly in Figure 3 to be quite (different inl its priolonigedl
larger than could be accounted for by thle uptake and high retention of iron. Tllis reflect~s
inlcreasedl cell count. Ill further Stiidlv, with thle dlestrucetion of redI blood( cells by x the spleen,
(1 14-labeled glycine, tile change of activit 'v in with retent ion of thle brea kdown produict.s.
the hemoglobin over a period of tinie ind~icated(Iinformationi of this kind can be quite useful
that short-lived cells were b~eing formied in inasmuch as remtoval might he indlicatedI for a
add~ition to tile normal ones of 120-day life, spleen which destroys red cells exc-essivelY i)ut
The rapid turnover of these cells seemed to not for one operat ing as, chIief Supply of thle cells.
require thle large amount of iron whlich hadl Red b)lood cells are continually being plo-
been a p~uzzling factor in this (disease. ducedl amid destroyed and knowledge of their
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survival time is frequently of great itrlolrt e, in studies of lhohesterol and its loh, in ait'ti-

Both radioiron and radiochroinlm tagging of iosclerosis. This disease lits b)e(eI said to cause
cells persist throughout tihte cell lifetime, So that imor-e deaths than an\y other and to be tit(, most
the rate at which redioactivity in the cells important Iprol)lel in llepreventiv mehdicine.
decreases with time measures the rate of cell Tlill loss of elastic'ity and the thickening of
destruction. For example, the technique of arteries and capillaries which characterize this
blood transfusion has been treinendouslv condition are caused in part, at heast, by the
improved by development of better storage deposition of cholesterol in fatt v accumtuilations
methods and ways to prepare, ship, and admin- on their inner surfaces. This slui)stance. some-

ister whole blood and blood fractions. At. the times wax andti at other times strikingly
same time. synthetic blood expanders have clrystalline, occurs ill evecv cell of the body and
been developed for emergency replacement of seems to serve as raw material for some of the
blood plasma. Throughout this work, effective- hormones, bile acids and other essential corn-
ness as to preserving the usefulness of the blood pounds.
for the receiving patient has been evaluated by The matiy tracer studies of cholesterol
the survival time of isotope-lal)eled blood cells. metabolism are adding bit, by bit to our knowl-

While a donor's red blood cells survive and edge of this puzzling substance. (C-14-labeled
perform normally in the recipient's system, the acetate fed to rats soon results in the appear-
white cells still present a grave problem. ance of C-14-cholesterol in many tissues of the
Even when transferred directly from the veins bod,, mostly in the 1)10( and liver. Rates of

of the one to the other, the white ('ells, as is rise and fall in (C-14 activity at. the various
determined by Phosphorus 32 labeling, are sites give clues to its production and travels.
rapidly trapped in the lungs. Indeed, if a The rise in activity in blood is found to be later
large number are transfused, they begin to than in liver; tins and other considerations
interfere with lung function. Thereafter they show that liver is the site of blood cholesterol
are transferred to the liver but in a fragmented production. Rats given a heavy (lose of X-rays,
condition. The transfused white cells are before an injection of 8-14-acetate, are shown

thus unable to perform their normal work of by tinjcto of cestere shown

resitingdisese.Thisis prtiulary unor- by thre tracer to produce cholesterol in thle liverresisting disease. This is particularly unfor- at three times the normal rate, a result in

tunate where the recipient's own whviite cell accord with other cases of liver damage.

production has been curtailed, and it is hoped Tracer techniques in such studies are an

that techniques may soon hie developed to actr techemica prc dues o re,
permit survival of the cellsadjunct to the chemical procedures, of course,The absility of radioisotopes to trace fl.ii rather than a replacement. But as such they
floTh ithin the body has been vaacble lid give valuable information as to origin of sub-
studies of thrain (irculation. The rate of stances whereas chemical tests merely demon-
uptake of a tracer by the brain is a function of strate their presence. The very high level of

the 1)100(1 flow rate and. with the use of a cholesterol in the blood of a certain patient
with almost complete loss of thyroid function,

gamma-emitter, (,an be dueterminell with an of
external counter. Various radioisotopes and for example, was naturally thought to be due

labeled compounds have been used in this way to an abnormally high production rate. No

in determining brain circulation in senile psy- activity could be found in the blood, however,
choses, cerebral palsy', and epilepsy. Similar after a tracer dose of C-14-acetate, showing

studies are leading to better understanding of that cholesterol was in fact not even being

coma, sleep, anesthesia and, most recently, of produced to a measurable extent. The high

pilot blackout duuring supersonic flight, level was thus shown to be caused by a defect
in cholesterol breakdoown and disposal.

Cholesterol Metabolism Another study with C-14-acetate demon-
strated that in the case of cholesterol, as with

A very important part of the contribution bY many other metabolites, the body does not

radioisotopes to medical research is l)eing made bother to produce a substance if it is supplied
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in the diet or otherwise introduced. Dogs fed in part front the possibility of exploiting differ-
a high-cholesterol diet showed practically no ices between cancerl amid normal cells. If
liver-produced cholesterol in the blood. withholding a substamce were found to be more

If cholesterol in the diet is labeled it can be harmful to the "well-being" of malignant tissue
traced unchanged into the 1 blood. There a than of normal tissue, the former could possibly
portion remains free in the plasma while others he starved. Or if the blocking of a step ill
are incorporated into red blood cells or are the metabolic process were especially harmful
chemically changed in the plasma. When to the cancer cells, a similar result should he
tritium-labeled cholesterol was fed to normal obtained. A third possibility is seen in case a
persons and to patients with arteriosclerosis, particular material is used to a greater extent
the tritium activity in the blood fractions was by cancer cells; supplying the material in radio-
found to be quite different in the two cases, active form would cause the cells to he irradiated
As shown in Figure 4, the concentration of from within and might lead to their destruct ion.
activity in the free cholesterol was normally Of these three possibilities, the first has not
higher than in other fractions making up the yet been realized and the third, despite many
total. In arteriosclerosis it was lower. The trials with different radioisotopes and radio-
hope is that this type of test may lead to the compounds, has proved to be effective only in
early diagnosis of the disease. the case of Iodine 131 in some thyroid cancer.

The remaining possibility, drug therapy or the

'b • O A14 (chemotherapeutic approach, has received a
,uSING great, amount of attention in recent years.

TRITIUM-LABELED CWOLESTEIZOL While most of the work has been done with

experimental animals, it has been possible to
" "FEE T OTA extend the experiments to clinical trials with

_> certain drugs.
V The building process is considerably faster

TOTAL 0- r ,m in malignant than in normal cells and so an
CMOLESTER07L FRLETEO

impairment, of nucleic acid synthesis can result,
_ _ _ in greater harm to cancer and to leukemic

1~cel to44 1 2 I
DAYS DAYS blood cells than to healthy tissue. Many of

NOQMAL SUBJECT PATIENT WITW ARTERIOSCLEROSIS the chemical reactions in metabolism are made

to proceed by enzymes. Hope, therefore, lies
.. CONSTANT FINDING &ETWEEN NORMAL AND DISEASED MAN.
.. TeST MAY LEAD TO EARLY DIAGNOSIS OF A TENDENCY in the fact that a step from one intermediate

TOWARD ARTERIOSCLEROSIS. product to another can be blocked by inter-
FiRE. 4. fering with the particular enzyme. The drug

ACTION OF DRUGS amethopterin has received most attention in
this respect because of its anti-enzymatic action

Tracer techniques are also being used in and its resulting therapeutic effect in certain
determining the fate and action of materials leukemias. This type of action is indicated in
not considered to be normal metabolites. Figure 5. The drug seems to block the con-
These include the vast array of medications in version of folic acid to an enzyme which is
common or occasional use, the long list of essential in the step from certain intermediate
compounds being tested for possible effective- building blocks to forerunners (precursors) of
ness in various diseases, particularly in cancer nucleic acid.
studies, and substances accidentally introduced A basis is thus established for chemotherapy
into tile body. of cancer. Radioisotope-labeled metabolites

have been widely used in determining metabolic
Anticancer Agents effects in extended trials of other possible anti-

cancer drugs. It has been found that simul-
The intense interest in protein and nucleic taneous use of two drugs can be particularly

acid metabolism, as mentioned before, stems effective if they block enzymes at different
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COMBINATION BLOCKING IN CNIEOTNEUY showed the relative blocking effect of the drugs
sGIhAL O1 COICUMIUT on the different reactions and sbest drugs for the

FM, A C different tumly.
ifmt"H ,,.•,..f40- a Among the host of dr'ugs, other thaan anti-

EYUKI cancer agents, which have been isotopicallv
SLS rM M labeled and traced in action, may he mentioned

SL 11ý? m3'UNE antibiotics such as penicillin, the sulfa drugs,
uu,,,, i,, i iiam •.l-, s'••-lmzr alkaloids such as digitalis and morphine, sugar

*9• substitutes, and hypnotics such as pentothal

M • an(l the barbiturates.

.. mAauMw MU BLOCK aSsnM INZYM.. ACTION OF INJURIOUS AGENTS
.. oNMTi BiLOCKS SmuIL 1IYUsS-Um onE 1PIsCTnw..

FlWuR. 5. Tracer techniques with radiosotopes permit
detailed study of the ,effects of many agents

points in the same metabolic pathway, as causing actual bodily harm. Harmful sub-
indicated in the figure. Concurrent use of stances or organisms can l)e labeled and then
two or more drugs can also overcome a drug traced in experimental animals or in man
resistance, acquired against any one of them, himself. In addition, tracer methods call be
by blocking other necessary pathways, applied to studies of the processes which are

It has been found that separated white interfered with in the body.
blood cells, the leukocytes, can be used outside
the body as an experimental medium in tracer Carcinogens
studies of protein and nucleic acid metabolism.
Differences in metabolism occur, depending on M[any investigations have been made on
the origin of the cells, and amethopterin is substances known or suspected to cause cancer.
found to have its usual inhibitory effect. A Certain organic and inorganic compounds
study is being made in which this and other have long been known to induce cancer forma-
drugs used clinically, especially in leukemia, tion. In fact, some have been used experi-
will be tested on the leukocytes. If it should mentally to produce tumors in animal studies
develop that a leukemic person's white cells and to study cancer genesis and metabolism in
in a test tube react metabolically to drugs in general.
the same way and to the same extent as the An outstanding class of these compounds is
person himself, a clinical method may evolve composed of various hydrocarbons, certain
for selecting the best drug for treating a given coal-tar products in particular. In a typical
patient. tracer study of these compounds, C-14-labeled

The search for effective anti-cancer agents dibenzanthracene was applied to the skinof mice.
is made more difficult by the diversity among After a short time, the compound or one of its
cancers themselves. Differences between types products, as identified by its radioactivity, was
are frequently more pronounced than between found chemically bound to protein in the skin
some of them and normal tissues. Tracer cells. Other hydrocarbons known to produce
methods are helping to bring order to this cancer have similarly been found to unite with
complex problem. In a typical study, mice cell protein in various tissues of the body and
bearing different types of malignancies were this action is thus thought, to be important
injected with various drugs known or suspected to their effect.
to have an effect on tumor metabolism. Labeled One carcinogen in particular, 2-acetylamino-
metabolites, known from other tracer work to be fluorene, gives rise to cancers of different
involved in tie metabolic chains of reactions cellular types and in a variety of tissues remote
leading to protein, were then administered, from its point of entrance into the body. The
The distribution of radioactivitv later found in ability of chemists to label selected parts of a
separated metabolites from the tumors then molecule is being applied to this compound so
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that each part in turn can be traced. As it Allergies have been investirgated through the
is broken down in the body, the parts are use of radioisotopes. In the case of ordinary
traced to determine their indivihdual distri bu- ragweed pollen, for example, the injurious agent
tion. It is hoped that a correspondence was tagged by growing the ragweed plant in an
between the pattern of cancer distribution atmospliere of C-14-labeled carbon dioxide so
and that of the conmpound or one of its products that the entire plant, including the pollen,
may show which substance is the actual cause became radioactive. l)if'erences could then be
of the growths. traced in the pollen's action in sensitive and

nonsensitive patients.

Radiation Damage Tle profound changes induced by toxicants
and poisons have been traced in metabolic

Radiation damage is a comparatively new studies and, wvhere the agent itself is labeled
hazard to man's well-being, starting with his and traced, the extreme sensitivity of the tech-
first use of X-rays and radioactivity at about nique allows positive results with minute,
the turn of the century. A gamma or X-ray unharmful amounts of the material.
or a high-speed nuclear particle disrupts the
molecules in its path. Chemical substances MISCELLANEOUS STUDIES
are produced which destroy the normal meta-
bolic processes within the cells anl may lead The lines of research which have been indi-
to their death. Studies of this action are
important not only in devising ways to combat vidually mentioned are, of course, only a
or forestall radiation damage hut also in using representative few of the vast number under

and controlling it in medical therapy. Prac- way. Practically every phase of human physi-
tically all the tracer studies conducted in other ology and pathology has derived benefits from

lines of medical research have been repeated the radioisotope techniques in research. Brief

in investigating the metabolic changes induced mention may be made of a few other areas of

by radiation. study.

Some of the molecular fragments produced Since most of the body consists of fluids of
by radiation prevent normal cell processes by various sorts, much of the research on normal
oxidizing and thus altering the components. and disturbed body functions relates to fluid
Damage is greatly reduced by the addition of volumes, flow, anti transfer through cell and
substances, such as cysteamine, which strongly tissue walls. The availability of radioactive
compete for oxygen. Administered to a patient tracers is particularly fortunate for this type of
about to be given a therapeutic dose of X-rays, study. The volume of a fluid can be found by
for example, such medication may greatly the isotope dilution technique as previously
reduce the general damage to the system which described. Flow is easily measured by timing
might otherwise result. the arrival of a bit of tracer material at different

points of a system, and drainage from tissues by
noting a decreasing radioactivity at the area ofOther Injurious Agents jinterest.

The tracer technique has been applied in Most of the body chemistry is dependent on
studies of a great many other damaging agents. membrane permeability to certain substances.
The most important members of this category For example, substances unwanted in particular
are, of course, the germs and viruses. These reactions, as in a cell, are refused entrance while
have been labeled and traced within the body others can enter only at rates best suiting the
to determine their distribution in relation to reaction process. The ability of a substance to
the onset of disease processes. Tracer studies pass through a membrane, and the rate of
of the processes they alter, the other side of the passage, can be found by addiii v radioactive
dual approach mentioned before, have increased tracer at one side and noting me arrival of
our understanding of some diseases and aided activity in the otherwise exactly similar sub-
in planning for their control. stance on the other side. Frequently radio-

- - • •m~m • I HNN lnmm mmm l nn
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active tracers furnish the only method for miak- Radioactive tracing has frequently been
ing such determinations. rankedt withi the microscope iII importance to

Figure 6 is indicative of this type of study, Ibiology and irredicimre. It is therefore to be
and illustrates the nicety to which potassium expected that tile two, ill combination, would
and sodium ions, in and around a nerve cell, are provide a particularly lvpowerful research tool.
normally kept at their respective relative con- In tissue auitoradiography, illustrated by Figure
centrations. Recent studies show that these 7, the distributionl of a radioactive substance
ions, as they enter and leave, produce theminue eectica imulss asocate1wth he AIDIOACTlIE IODIII| - I1131
minute electrical inmpulses associated with tie FOR AUTOIADIOGlAPNIC EXAMINATION Of THYROID GLAND
functioning of the nervous system. The quan-
tities involved are so small, a few billionths of a -Ao0
grami of ions per impulse, that only the radio- -

active tracer technique could have determined
them. SNOWS ICILL PATTERN

LAARGI AMN~

RADIOACTIVE TRACERS SMALL P-.UCUS

FOR STUDYING PERMEABILITY Of CELL MEMBRANES TISSUE SECTION OF ---. 1 9jf -y- ,-

THYROID GLAND

FROM PATIENT GIVEN 1131 - 0
RADIOACT TITY 11XPOSES

ADD RADIOACTIVE TRACER P HOTO 6 RA DN € FILM S NOWIN G u w wLoA pIL

CELRMIAEAADIOSODIUM 24 OR LOCATION OF ILAMIOCOMN~(NERVN CL-RADIOPOTASSiUM 42

CONCENRATION -CONCENTATION SHOWS:
A| ,, AI0 |('1 (OtI.) I -IODINE TAKEN UP BY FOLLICLES OF THYRlOI GLAND

EL r •..Ci If l-• i2 I- SMALL FOLLICLES CONCENTRATE 1-131 AM RAUIDLY
3- GREATER UPTAUE IN ACaDONIiUC THAN BASOrPIU FOLLICLES

EXTMACULLULAO FLUIDS

MEASURE AMOUNT OF TRACER FiGuRt T.
IN CELL AND CELLULAR FLUOR

S HOW S: among the cells, and even among the parts of a
I -RAPID TRANSFER OF ATOMS ACROSS CELL MEMBRANE
2- TRANSFER THROUGH MEMIRANE IS COMPUCATED EXCHANGE PROCESS single cell, can be seen. In a typical application
3-RATE OF TRANSFER DEPENDS ON ENZYMES AND CONDUCTION of this technique, a photographic emulsion is

FIGURE 6. placed against a section of tissue which has
been surgically removed from the body, after a

Radioactive potassium has also been used to labeled material has had time to attain its
demonstrate that the potassium ion is related characteristic distribution. The emulsion be-
to muscle function. 'Muscle cells affected by comes exposed by the radiation wherever the
muscular dystrophy, for example, have been radioisotope occurs. By examining with a
found unable to retain the normal amount of microscope the developed emulsion and the
the ions. cells themselves, or by comparison of enlarged

In tracer studies of permeability to pure photographs of the two, the investigator can
water, only the oxygen atom or one or both of relate the traced material to particular cell
the hydrogen atoms can be used as a label for the structures.
1120 molecule. No convenient oxygen isotope Color may perhaps be added to autoradi-
is available but the isotopes of hydrogen-stable ography through an extension of this technique
deuterium and radioactive tritium-have been under development. Tile new concept involves
used for this purpose. A study has been made the differential absorption of the radiations
of the rate at which water normally enters the from different isotopes by color film. It is
blood stream from different parts of the diges- hoped that this will allow simultaneous tracing
tive system, using deuterium as a tracer. of two or more tagged substances. Radiations
Measurements of the changing deuterium con- of different types and energies have been found
centration in the blood showed that 95 percent to penetrate and expose the layers of three-
of water in the stomach enters the blood in 54 layer color film to different, extents, anid thus
minutes, while absorption from the small bowel to produce differently colored images. Carbon
amounts to 95 percent in only 10 minutes. 14, Calcium 45, Sulfur 35, Phosphorus 32, anti
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Iodine 1:31 were found to give characteristic here arc those invest igat ions invol'ing life, at
colors ranging from red-blue tlhrouglh yellow its various lower levels, which have medical
to white. The ultimate experimental animal is, of

course, man himself and, after judicious trials
ANIMAL AND PLANT STUDIES onl human subjects, a great portion of the

IN MEDICINE research has left the laboratory to become a
part of clinical diagnosis and therapy.

Medical research gains much benefit from strains of rats and mice provide the statistics
animal and plant studies and in many ways is where mammalian tissues and systems are
directly dependent upon them. Life processes required, and cats, dogs, anti monkeys where
are quite similar wherever found, chiefly be- organs and general physiology even closer to
cause of the universal occurrence of the cell as a the human are of interest. Finally, where a
fundamental building block which can grow by system comparable in sheer size to man himself
division into others of its kind. Radioactive is needed, burros are given radiation doses or
tracers have found widespread use in these other treatment tinder study.
parallel sciences, and many of the results ob- small animals or microorganisms: (:3) genetically
tained have been of profound importance to pure strains, unobtainable in man, are usually
medicine, needed to avoid unknown heredity factors; and

As our understanding of metabolic processes (4) much smaller amounts of a possibly very
continues to grow, through modern research expensive tracer preparation need be used in
methods, the closeness of this parallel becomes smaller biological systems.
even more apparent. As an example, the The fundamental processes in cell metabolism
present need to synthesize a better artificial occur in microorganisms as well as in man, and
rubber molecule has renewed the interest in much of the tracer work in determining the

Nature's successes along this line. From tracer precursor-product schemes is done, for example,
with bacterial and yeast cultures. Laboratorystudies of the plant chemistry involved in the
implications. Man is not expendable and, for a

building of the molecule from labeled acetate, number of reasons, lower animals are usually
a close correspondence has been found between used to take his place, at least in the early stages
rubber synthesis in plants and cholesterol of an experiment. Four of the reasons may be
synthesis in man. mentioned: (1) effects may be harmful; (2) need

The studies of concern to agriculture and for statistical accuracy calls for repeated trials,
animal husbandry are discussed in the section and sometimes generations, in tens and even
on agricultural studies below. Of chief interest thousands of cases, thus dictating the use of
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III medical diagliosis, us in research, radio- that in the tracer material, tlhis method involves
isotopes furnish a powerful means for gaining thl use of a second person, in whoin the labeling
knowledge of body processes. Hundreds of call be dlone. The radioisotope is introduced
hospitals consider theni as part of their regular into his blood stream, and after a sufficient tiue
equipment. Some techniques are now routine for the iron to become incorporated into the
diagnostic procedures. On the other hand, hemogloblin of the cells, a. volume of blood is
much of the diagnostic work still borders on the withdrawn. Labeled red blood cells arte sepa-
experimental. The widespread application of rated from plasma and injected into the patient
radioisotopes to medicine is only a few years o0l for the dilution st udy.
and is still a rich field for development. The second method involves labeling cells

The many diagnostic uses of radioisotopes with radiochromniuIn, 0r-51. Since this can
can be grouped in four categories: (1) dilution be (lone outside the body, a donor is not needed.
techniques, (2) flow or diffusion measurements, The radioisotope, as sodium chromate, is nixed
(3) biochemical concentration, and (4) radi- with a sample of the patient's blood. After
ography. about. an hour, the red cells are separated in a

centrifuge and, after washing, are reinjected
DILUTION TECHNIQUES into the patient for the dilution study. This

method is comparatively simple and is coming

Blood Volume into routine use.

Simultaneous measurements of blood plasma

Many diagnostic applications are based on volume and red cell mass have been made using

measurement of volume or amount of a sub- Cr-51 in the form of chromate and chromium
stance in the body by means of the isotope chloride. Since the first penetrates cells while

dilution technique. It frequently becomes the second becomes fixed in plasma, the two

necessary to determine a patient's blood measurements can be kept separate.
volume, for example, before surgery or adminis- It is interesting to note that United Nations
tration of a blood additive. Many radio- troops were tested with radioactive tracers for

isotopes and variations of techniques have loss of blood, before transfusions on the battle

been used for this purpose. In a typical field in Korea, and that many of them doubt-
application, 1-131-labeled human serum albu- lessly owe their lives to the increased a'ceuraý'y

rain is injected into the blood stream. After of these newer techniques.

sufficient, time for mixing (10 to 15 minutes), a
sample of blood is withdrawn and measured for Water Volume
radioactivity. Thie degree to which the label
has become diluted then gives a measure of the In many abnormal condiliotons, such as edema,
blood volume, it becomes important to know the volume of

The a.-ss or amount of the red blood cells total body water and of water in intracellular
themselves is determined by either of two and extracellular spaces. Here, again, dilution
methods. In the first, where radioiron is techniques provide the answer, the choice of
employed to label the cells, labeling must be labeling material determining the type of
done within and by the body. Since the results obtained. Total water is measured
dilution technique requires that the patient's from the dilution of deuteriuni- or tritium-
blood be kept free of any radioactivit.y except labeled water. [he mixing of a, tracer amount

17



throughout the body and in thecllsý(01 is esseil- lab~eledI witi raimiosodui n, for exampi Jle, is
tutul complete ill about all hour, and1( at dilution injected in1to art 211,i1 vein a11id tile foot 1, p~lacedI
samlIpIe can be taken. ait that timie. No (-oli- aganilst aI counit er, tite recorded activity, %- regiis
venlient, method exists for. nieasuring volunme to rise ats ;odiunli reachies tlie foot anrd pervildes
wit hin tilie cells, bilt this ('1tli be foiund ast- 1114 tilie t issues. Ill a normial smIlbjecu tite actN'l *v N,
dlifferenice b)etw~eeni total bodly writer allid ext ra- rises eveniv arnd beginis to1 level off w%-it i , t to
cellular wvater. Thel( latter: is ineasured by 40 mninutes. Tire inicrease is dire result of inrter-
meanls of at t racer whlich pentet rates 1b1oo( Vessel ehainge of lab~eledI sodljium between blood( and
walls, but cannot enter cells, or can enter only ext racelluilar Ilriids. Eq>uilibriumu is e-st ablishied
slowly. Certairn subst ances wvit h large mole- whiein tire inumb~er of sodiumi atom's leaviing tilie
cules, such its inluhn and sucrose, have beenl usedi blood vessels, is equal to tile 111u1111er ret urninig
for the( purrpose but fast(-[ mlixing- in tire extra- to the( cir-culat ion from tilnids of thle foot. Ill
cellular fluid is obtained with rad~ioactive most pat ienrts wit-th a peripheral vascular (us-
tracers suich ats Sod1iumn 24 and Bromnine 82. or-der tile equiilibriumr value is lower arid is
These slowly enter- thle cells and so only at short, reachled more gradually, (demonost rating anl
periodl of mixing is allowed before the( mevasuire- impairment ini t his SuIpply system.
mleflt is mad~e. A similar' techinique is used iii cases whiere tlie(

hiead of the femiur has broken off. This ball of

FLOW OR DIFFUSION the, ball-arid-socket joint ait tite hip is attachied
MEASUREMENTS to tine thighi bone bY at thiin neck whichi is easily

broken, especially inl older people. If a break
Because of thle dlynamic qualities of hod occurs, the surgeon must dlecide wvlietlier to

procsse, mny lianoss ae cncenedi~-t~i graft the ball back onl or to replace it. with aplocess or n dlfu iagnofsebstareecnere whith pinned metal ball. Thre (decision frequertly
flo orl rifstso on thetncs question of anah4it )0

counting rate at a certain place, due to move- rsts ton thie qeto fa aeut lo
ments and changing concentrations of a radio- ipi .al hog h ntoko )0(

actie tace, prvid th necssay dta.vessels still attachied. After' a tracer (lose of
actie tace, povihe he ecesar olta.Phosphorus 32 is put in thle b)100d stream, a

Cardiac Output comparison is miade with a (directional counter
of the activity above anol below the brieak.

Knowledge of the heart's output is invaluable A somewhat dlifferent technique is shown in
in (diagnosis of many heart disor'ders. As with Figure 8, where a suspec't ed constric'tion of blood
other pumps, tile efficiency of the heart canl be vessels is found, after a tracer injection, by
judged by the flow it induces, measuiredl in liter's comparing the patter'ns of blood( flow simul-
per minute or similar units. To measure this
output, a small amount of 1-131-labeled human RAIIOACTIVI SODhIUM - N.24
serum albumin is injected into anl arm vein. FOR DETECTING NORMAL AND RESTRICTED BLOOD CIRCULATION
TPh resulting peak of activity in the blood is
mieasur'ed after it is pumped through the heart R2 iSLTO
andl then passes a certain point, in an artery. INJECTED
The peak, recorded automatically as a curve TLOBODCARRIES
on at st~rip char't, is somewhat, spreadl out by this 11024CI TO BOTH LEGS NG EDN
time and the flow rate is calculated fromt its GOO0 CIRCULATION

area and duration. SITES OFC (4CONSTRICTION LOW BE1ADING, -
POOR CINCUJLATION

Peripheral Vascular Disorders IN

Radioactive tracers have long been used to ADVANTAGES:
measre he boodsuply t exremtiesan( toI-GIVES PATTERN OF BLOOD FLOW
measre he boodsuply t exr'eitie an to2-PERMITS EXACT LOCATION OF ARTERIAL CONSTRICTION

measure the rate at which needled substances 3-METHOD OUICK AND NO DISCOMFORT TO PATIENT

are passedi to the tissues. if a saline solution Fxacup 8.
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taneously in the two legs. The mnethod is also body btut then he released at a slower rate bY it
valuable for measuring thle improvement in certain tissue than )yv others.
vascular function as a result of therapeutic The time at which the selective or differential
procedures. It can also help in deciding upon concent ration of a tracer is most useful mai be
tle site of amputation if surgem " becomles at few mlillutes or even hours or days after tilt,
necessary. tracer is introduced. Tile degrlet of concen-

The abilitv to trace blood circulation and tration also varies in different cases, being
accumulation at particular sites has been valu- highly selective in some and low ill others.
able also in cases of hemorrhage, burns, and
fistulae between organs as in stab \v)unds. A Thyroid Disorders
reverse procedure is frequently used in deter-
mining blood circulation at a particular site by rl'the best known atd(l most widelv used ex-
the rate at which it can remove an injected ample of selective absorp)tion is the accumula-
substance. Here a tracer material such as tion of iodine by the thryoid gland. Other
Sodium 24 chloride is injected into tile tissues tissues and organs of the body have very little
and the manner in which the activity decreases, use for this element while the thyroid employs
as mfeasured with a counter over the site, gives large amounts of it in manufacturing the thy-
a measure of the clearance rate. This tech- roid hormone, thyroxin. The thyroid gland
nique has been valuable to the plastic surgeon picks tip and utilizes nearly all of the iodine re-
in the case of pedicle grafts. By watching the tained in the human system, normally about
rate at which the tracer leaves the grafted 1,000 times as much as surrounding tissue.
tissue, he can tell whether circulation has been This selective action provides practically ideal
achieved, rather than waiting to find whether conditions for radioiodine tracer studies of the
the graft "takes" or sloughs off. gland and its functions.

The rate of iodine pickup is above normal
in hyperthyroidism (overactivity of the thyroid)

BIOCHEMICAL PLACEMENT and below normal in hypothyroidism (under-
activity). Diagnosticians, with radiation count-

Many diagnostic uses of radioisotopes involve ing instruments, can easily determine this rate
selective accumulation of a tracer dose in cer- in any individual after administration of a
tain tissues, where it can be found with a small tracer dose. The diagnostic method now
counter. The material is introduced into the in use by hundreds of hospitals and private
body either orally or by injection and then, by practitioners involves simply the placement of
physiological processes, is concentrated more at a counter over the patient's throat to measure
some sites than at others, the accumulation of radioactivity in the

Two types of determinations can be made by thyroid after a drink of weak radioiodine solu-
this method. First, particular tissues, such tion. In many places the technique is; used
as tumors, can be located if they are known to routinely on all thyroid cases and has been made
accumulate a certain element or compound. even easier by the availability of gelatin capsules
Second, the condition of a tissue can be deter- which contain a correct tracer amount of the
mined from the rate at which the accumulation material for the patient to swallow. The rate
occurs. and degree of radioiodine accumulation in the

AMore of the material may appear at one place urine and in various blood fractions are also
than at others merely because a certain tissue important in determining the thyroid health
absorbs it faster than others. This type of picture.
accumulation can only be used, therefore, until
the other tissues "catch up" and the distribu- Delineation of Organs
tion becomes general. On the other hand, a
certain tissue may have a special affinity for a The actual size and shape of an organ fre-
material. In other instances, it may first be quently need to be known, as in diagnosing a
distributed fairly uniformly throughout the pathological condition, planning for surgery, or
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dletermlininlg organi bulk iln ordIer to plain t at IlVIoi( gliiiid is bi~lit 11p. Quit(- detailed jpic-
proper size of therapeutic dlose. Iii thle case t lires arle obtainied In this waY, with Iiioiifiiict ion1-
of the thyroid glandt this is done with a highly jug an1d ov er-fuinct lolltIng ar'as of thle gland
dlircetional counter whiich ''sees'" only at verY clearly distiliguisihed . Successful use of this
small area anol thus (-ll lpitpilmit t he source SCda~lllujii mlet 110( ill the eise oif (t( lie t lV(d

which Is prodlucing the counts. 'After at tracer ghail ilts11 led to its u1se wit i (ot her (Wgllt.s

(lose of raidioiodiute, such it counter call be
miove(1 abiouit over the paien~it's nteck to fill( tbe Location and Extent of Malignancy
pattern of activity' and thus, to outline the
t hvroid tissue itself. C ancers- are known to inhlerit somew of the

A refinement of this scanniing mneth11(1 which chiaracteristics of t heir p~arenlt t issues. Thiose
has come into favor uses at notor-(lriven c~arriage of thle I hYroid glanid, for example, are sometlimies
to move the counter back and forth, and stel)- able to accumiulalte iodille and evell to Inanul-
wise, over tile throat. Amplified pulses front facture the hormone. 'Il'his uncertain coin-
the counter actuate at marking pen which is central ion, however, is of very little or no use In
moved back and forth continuiously over at locating cailcer. ill tile g'land itself because of
chart, at the same rate its the counter. 'rhe thle high concent tratijon ifl tile su~rrounding
resulting pen marks indlicate the locations of gland tissue.
the radioactivity and, as the counter and] pen Wh~ere thle thyroid cancer lias mletastasized.,
move (lown line by line, an actual picture of the or spreadl, to other parts of the body, ats it

WHOLE BODY SCANNING
LAMPSTHYROIDECTOMIZED PATIENT

4 DAYS AMTR 5 .c DOSE Of 1-131

'MOTOR SYNCERONIZED
NWITN SCANNERASSIDU

TISSUE

___ SCINTILLATION

USES: I-MAPS RADIOACTIVITY LOCALIZED IN TISSUES
2-LOCATES UNSUSPECTED METASTASES
3-REVEALS RESIDUAL TISSUE AFTER OPERATION

Fin UYRE 9.
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usually does, the offshoots may colitintue to pr'eVnts the transfer of iUaINy stib)stanic.,s from
grow with thi yroid characteristics. These tile blood streani which otherwise would be
thyroid metastases vary greatly ill their ability absorbed. This barrier is impaired in lesions,
to accumulate iodine. This uncertainty in and substances may temporarily accumulate iII
iodine pickup is unfortunate in so far as finding the extracellular spaces and cells of a tumor
tile offshoots is concerned. Nevertheless, a while being excluded from surrounding tissue.
large enough proportion of them show activity Various substances have been tagged with I-131
to make radioactive tracing a valuable diagnos- for concentration ill brain tumors by this action.
tic procedure. Nlany such cancerous lesions A survey over the skull with a directional coun-
have been found which would not have been ter may then help to indicate the position of the
located by other available means. growth. Diiodofluoresceni has been much used

Tile overpowering affinity of the normal as a carrier of 1-131 for this purpose blut has
thyroid tissue for iodine prevents any appreci- been large]y supplanted by iodinatedl human
able accumulation by the cancer cells. When serum albumin.
the thyroid gland is removed by surgery or Accurate outlining of radioactive areas is
otherwise inactivated, the cancer offshoots re- considerably more diflicult in the brain than in
ceive more thyroid-stimulating hormone from tile thyroid. Because of the increased amount
the pituitary gland. Those which are able to of surrounding structure a considerable degree
take up iodine then increase their uptake and of gamma-ray scattering occurs which blurs the
can more easily be found and treated. outlines. Also, concentrations of radioactivit y

Figure 9 illustrates a refinement of tile auto- ranging only from 1.6 to 29 relative to surround-
inatic scanner which permits a survey of the ing brain tissue have been reported, whereas a
entire body. This type of instrument has fre- relative concentration of several thousand is
quently demonstrated the presence of metastat- characteristic of t(ie thyroid. When so little
ic cancers which were otherwise unsuspected. variation exists between tumor and surrounding

Tracer methods are assisting in the location of tissue, scattered radiation and background radi-
brain tumors in a number of hospitals. ation from natural sources interfere seriously

The comparatively weak beta radiation from with the diagnosis.
P-32 will not penetrate the brain and skull well These difficulties have been avoided by the
enough to allow detection of tumors except by use of a highly directional scintillation counter,
internal probe ,whereas the gamma radiation of with a recording system which accepts only
1-131 has been found useful for locating tumors those pulses from the counter which correspond
through the intact skull. This use is illustrated in energy to the primary gamma ray of 1-131.
in Figure 10. Brain tissue is normally pro- Only 1-131 concentrations are depicted oni the
tected by the so-called blood-brain barrier which resulting gammagraph because scattered radia-

tion is too degrade([ in energy from tile primary
LOCATIIG BRAIN TUMORS value. Background radiation is either too high

WIT.
1131-TACCO II1S11AM S AIN £1111 or too low in energy to be accepted.

O Another scanning (levice for brain tumors
... takes advantage of a peculiar property of posi-

KAUmU LNO=trons. The decay of a positron, immediately
after its emission by a radioisotope, is attended
by the production of two gamma rays which

Stravel in opposite directions. The device em-
ploys two opposed scintillation counters, one

tý I,-131 on each side of the patient's head. It is dle-
signe(l to count only gamma ray Coinci(dences,

AID TO WA M W TSPo SW counts which occur simultaneously in both
LA Iý NO F IR UNIX UMcounters. Therefore, it can detect positron

CAN M SiOFIU COMMS FID IN SfANNmDAl disintegrations without also counting scattered
FIGURE 10. and background radiation. The (device is used
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to detect ipositron-cmittiltg substances, suchi as- p)ort ait tilt enld i) ,v me1ans of thle cable. 'Such it
Copper 64 and Arsenic 7-4, concentrated by tile source, 15 to 31) Ilit'ins away % front till object, can1
tumors. produce till ai-vepta ide r-atfograpi tit at few%

se(q'OlIds. file rsult irgpctie is Iiot ats shatrplY

Benign vs. Malignant Lesions de(taile'd its I hose obtainled wIith comeltive onahl
X-ray- eq iiipuient but 'Is sti t sfac tourY for man v

Because of the rapid turnover of phosphorus purposes of dilaglio'ý.
in areas of accelerated metabolism, there is a A s-oniewliat simiilar dev-ice hats been devel-
temporary 8- to 100-fold cowlcntratioti of P-32 olped lUsing" tile radioisotope S1 ronitilun 911. 111
in such areas after at diagnostic (lose. Where tilie thluliumil unit dIescribed~ ab~ove, tile X-ra1s a .S tre
this concentration occurs near at surface tlce-es- emiittedl bY anl yrterb itni isotope fornited inl tile
silble to a counter, as in thle breast, testes, or tile (leca y of 'Inm- 170. Strontiumn 90, onl tilie othevr
eye, the fraction of the dlose taken ~ipl by tile ltaild, (iecavs to all isotop~e ~iiicit einit s beta
cancer c-an be determined 1) ' a sensit ive radfia- raYs. Tu'le b et a particles, or electroiis, inl leaving
tion counter. Thle growt f or shirinkinig of tile tilie atonis and1( t raversitig tilie mtate'rial inl thle

lesion utndertl ierapv Inay' tlitus be (leterinitiledl source and holder, generate X-ra , s just as thet
by periodic checks. Sinie sonic ibenign umlors, electr'on beani dloe's whlen it hits (Ilie target Ilkilla
anti othier rapihl 'v gro~wiiig tissue ailso cojiceit- X-ray tuble.
trate tlie isotope. inalignit ticy Cannot theutiit clY Ali esp~ecially useful combiniat ion is provided

be (list inguislied. Some cliniciants. bowever, by one of tiese 'rn-i -71) or Sr-90 X-ray sources
finid tile methtod useful even in original (diagnosis andtt a liln liolderi'nicorporatinig at self-conitainied
for cancer. developmentt systeni. lit t his, a capsule con-

'[ie beta particles from P-32 cannot pene- taiuts filmi-devefoping cemlnicals wNlinch'iltcl be
trate to at couniter t iroughi more than 7 or 8 released and spread over tile dlihn without
millimeters of tissue. Radiopotassium (K-42) 1'ellovitig it from the( lioider. A finishied pict ure
has been usedl to extendtilte miethod to canicer is prodluced inl ab~out I minute. Suchi a conibina-
at greater depthis. Potassium, too, has a r'apidl jon c-an be e'xtremlylh valuable in atill arm ' field
turnover in growing tissue, whifle its rad(io- hospital, for example, whiere neithier X-ray
isotope emits a 1.5-NMev gammna ray wvhicli is eqluipmenit nor (lark room is available.
easily detec'ted by a sc'intillation counter'. Recent expansion aitt improvemenit iii the

diagnostic use- of radlioisotopes aire dlue, iii large

RADIOGRAPHY mneasure, to advances in iitstruieiitation. De-
velopment of thle scintillat ion counter and of

Trhe taking of "X-rayv pictures,"' with beamts counting circuits witichi discriminate between
from X-ray tubes, has b~eeni an importanit part radhioisotope radiations, arid( betwveenti tese andl
of dliagnosis since thie turnt of the century. background radhiationi, have great].' inereased
Devices which utilize X-ray emitting radfio- the sensitivity of detection. Nfore (deftinitive
isotopes as sources have now been dleveloped resuilts alt( greater accuiracY (cali now be
for certain diagnostic purposes. These portable obtained. Mforeover, increased senisitivity per-
un~its have particular value in isolated loc'ations mits thle Ilse, of less radioactivity. Tracer
where coniventional, bulky X-ray equipment is amounts of radioisotopes needl result iii radia-
not practical. t~ion (loses no larger titan titose rec'eived (hiring

Such a portable X-ray unit using radhio- X-ray dliagnosis.
thulium (Tm-170), has bleen developed in a Hundreds of tihousandls of pattients hiave been
very simple form. A cylindrical piece of lead diagnosed with radioisotopes in tile tUiited
which can be grasped in tite hiand has a curved States. Iodine 131 tests, alone, hiave been usedl
passageway through the center along whichi a over a quarter-million times. These numbers
small thulium source cart be slid by means of are increasing rapidly as more physicians receive
a photographic shutter-release cable. When not training in clinical use of ridn~ioisotopes, and as
in use the source is located at the center in techniques and instrumentationi continue to
shielded position; in use, it is moved to anl open improve.



Medical Therapy

Tihe possib~ility of using radjoact ivit 'v in niedical Selective Absorption
thIerapy was recoginized sliortIl' after the dis- Thre best known arid almiost classic exam ple of
('overY of radnilin in 1898. Since earlY ill thle a pea fiiybtena isl n u
present centi ' v, radinnm has beeni tseti in tele- a spcial athibitan is tht weef thsse airoid (,-par-
therapy,ortetletltiditneinwchr

01' reatmert ata dstane, ii Wich and iodinle. Thie uise of thIis selectilve act ionl to
it prvOid1es till external beamn of radliationi to jnt roduice at sutiffiienrtlv (15testict iVV amlount of
(lest roy or ret ard tissuev growthl. It has also ~ rI I sjhs ae i iu'
found widespread ulse ini tihe foril of suirface
applic'ators rtnid insertions ill t issuies for local 1 1 of theap fornsidertervod a 51 (gliYlpractical tor-
irradiat ion. of thrp fo IYet~diseas, (i c isin thy-

Wit tt(- isovrvofartfiia rdiacivty rotoxicosis, Giraves's diesetc.) I ti S

Wth psibilitidcory of a' hrt ih(ile otreatmientiiy specially uisefiul Whrere suirgery Would be too
Ire o~sbilt vof thrd mde f Ireamelt (aii(en*()s or thIyroidl (Irigs c'annrot be gtivenr or

was r'ecogirizedl. This was the possib~ility that r'eatnuen
21 ~~are linsls~itahble. '['his traien hans largely

radlioactive forms of those elemenets which taike S Uppaltd sti''h'al renmoval In a1 great ninnyv
partin )O~y lroc5Sts culdl~ejutrodced hospitals. Over 400 inst ituntions tire using I-

into tire, b~ody, 1111( that tire b)ody wouldl (-o01-1- 1 o proead el ftosnso
cent rate I hemi in certain tissues for' localized pa fo'tirnts purposeen areateds of thousandl stof
irradiation. Early hopes regardIing this tech- patiedtshave 9 p~erc reat of. t. mis l)('eflstid
ilique have riot aill beeni realized, since tire cases treate wi0 percen oft-( lieughythurdir
radioisotope frequentl 'y Is not concentrated to cont rol ~ wit 2- to a4 morngtthsde
a sufficient degree to allow its destruction of cnrlii2t ots
the diseased tissue without damage to healthy RADIOACTIVE IODINE - 1-131
tissues. Biochemieal p~lacement, of therapeuitic FOR DIAGNOSING AND TRATING THYROID GULAD DISORDERS
amounts- of lethal radliation, therefoire, car. be
relied upon only ill certain t 'pes of cases. In
these, however, valuable resurlts arc- obtainod. KMmiWM Iar INW1WMOL
Mfore positive acetioni call be obtainled in other I A OOCK

instances by var'ious raechiflqties developed for
inserting, or injecting the radioisotopes (directly MOON S-s
into tissuies.

The ther'apeutic use-; of radlioisotop~es are CAMOFM 3 M &UII

grouped here under the three modes of applica- WMUIFN A1911A113

tion mentionedl above: (1) biochemical place- MEDICAL ACTION:
ment of radioisotopes, (2) physical placement,, I- DIAGNOSIS AD TREATMENT OF HIWERTNTROIUSU
and (3) telethierapy. 2 -LOCATION OF TNYROW CANCE OfFFSHOTS (INTASTAKS)S

3- UTREATENT Of TNYROI CANCER AND METASTASIES

BIOCHEMICAL PLACEMENT F 1(i'.1 11 .

Overactivity of the thyroid gland frequiently
Two chief types of mec'hanism account for results in the appearance of goiter as an outward

biochemical concentration of materials in cer- manifestation. Internral consequences, are much
tain tissues. The first is the selective absorption more fundamental, however, since the thryroidl
of a material needed by a particular tissue for has a pr-ofound effect onl body metabolism. The
its special function, while the second is differ- rate at which wc burn uip our food for energ~y is
ential turnover (lue to the increased use of a regulated to a gro-ai extent by the thyroid Inor-
material in the more rapid metabolism of a muone. Overproduction of this hormone results
particular tissue. iii so fast a. buirntp that thle heart is overtaxed

23
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in pumping blood to supply the necessary RADIOACTIVE PHOSPHORUS - P32
oxygen. The intimate connection between F TREATMENT OF A-OLY•tYhEMIA VERA
thyroid and heart functions makes thyroid $-CHRONIC LEUKEMIA

treatment a valuable adjunct in the treatment
of angina petoris and congestive heart failure.

Although 1-131 has amply demonstrated its
ability to destroy thyroid tissue, it can only PIW)T P

rarely be used effectively against thyroid cancer. IN JtE SO"UT-WO

Destruction or removal of the primary cancer
st ill leaves t he met astases practically unaffected. 9W
Difficulty in induciug these to pick up 1-131 is
met with in therapy as it. is in diagnosis, aseI - PARTIALLY SELECTIVE UPTAKEpreviously discussed. Only about 10 percent -L W P O R C E IRA AT Nprviusy2- SLOW PROTRACTED IRRADIATION

of tile offshoots (call be stimulated to concen- 3- INHIBITS BLOOD CELL PRODUCTION
trate 1-131 in effective amounts.

Radioiodine uptake by the metastases can Fi(;uRs 12.

be increased in three ways: (1) The physician therapy has come into wide use. It can be
may let "nature take its course." In this case, administered on an out-patient basis in a physi-
absence of thyroid hormone, after loss of the cian's office and radiation sickness and other
thyroid, stimulates the pituitary gland to pro- side effects can be avoided.
duce more thyroid-stimulating hormone (TSH). Leukemia, in which an excess of white blood
The hormone rouses tile cancers to take in more cells is produced, has not responded to P-32
iodine. (2) TSH may be administered as a drug therapy to as great, an extent. In general, the
for the same purpose. (3) An extended course results are quite similar to those obtained with
of treatment maybe given with thiouracil, adrug X-rays, although the isotope treatment is
which blocks iodine collection. This "starves" usually favored because of its comparative
the cancer, so that a later (lose of 1-131 will be convenience and freedom from side effects.
more actively collected. The acute form of the disease (toes not seem

to be affected, but satisfactory control is gained

Differential Turnover in about half of the cases of chronic leukemia.

The element phosphorus is necessary in all PHYSICAL PLACEMENT
living cells so that, in time, a dose of P-32
becomes quite generally distributed through- 'Many approaches to concentrating a radio-
out the body. Bone, blood-forming tissues, isotope where its radiation will (1o the most

an(l rapidly growing tissue tend to concentrate good are based on the more direct concept of
it. Importance of this effect in P-32 treat- putting it there "by hand". No attempt need
ment of diseases of the blood-forming system be made in this case to match biochemical
is not definitely established, but certain of activity of a material with that of the tissue
these diseases respond to total body radiation, to be treated; in fact, the concept is based on
however administered. This method of treat- lack of affinity between the two. In general,
ment is illustrated in Figure 12. such materials as gold, platinum, stainless steel,

Polycythemia vera, in which an excess of red and plastics are used as sources an(l coverings
blood cells is produced, has been tile most so there will be little or no chemical reaction
successfully treated of blood-system diseases. with the tissues or dissolving in body fluids.
The beta rays from P-32 (1o not cure the disease Radioisotopes are used for physical place-
but repress cell formation nearly to normal, ment both in solid form and as a liquid in an
and usually can keep it there after a single large appropriate carrier or solution. As solids they
(lose or repeated small ones. While X-ray and are placed on a body surface, inserted into
other treatments perhaps produce equally cavities, or implanted into the tissues. As
good result in polycythemia. radioisotope liquids they are injected into cavities, mingled
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with body fluids for transport to iniaccessib~le genlerally l velievedl to have potential imuport allve
parts, or injected into tissues as it dispersed because of the favorable half-life (2.6 daYs) arid
source in thle extracellular spaces. These var- pure beta radiationi of radlioy~l-t rium (Y-90).
ious modes of application aimo their uses will Other radioisotopes seemi to ofter special ad-
he discussedl in separate subsections, vantages in this type of therap 'y bitt rcflinif

radlioact ive too long for safetyv. Thiese mndi vid-

Collids nd Sspenionsual adlvantages mlay yet be realizedl as a result
CollidsandSusensonsof research onl coninpexing agents which may

The liquid form referred to is geiierallv ' yot remove radlioisotopes from thle body when thle
at true liquid but simply at fluid carry' ing till ' v desired therapy is accomnplishied.
solid particles such as at colloid. Radioactive
mnaterial which wouldl dissolve to at true liquid Interstitial Injection
would also enter thle lbo(1*v chemistry and b~e
lost from its desired position. Direct injection of radiocolloid has provided

By putting tile radioisotope into a form not at useful modle of treatment of miain types of
affected by body chemicals, and suspending it, accessible but inoperable malignanit mlasses.
ill a finely divided state in a liquid whicli is T[hose which are not suitable for surgery be-
well tolerated by the hbodv, a number of a(1- cause of proximity to dlelicate organs, lack of
vantages are gained. The particles remain dlefinjite boundary, or precarious condition of
where injected in a tissuie, while the carrier is the patient are often redlucedl by this treatment.
ab~sorbedl. When introduced into the blood The tumors frequently canl le given large
stream, the particles are carried to dliseased1 doses of radiation which could not b~e adlmin.-
organs and are trappedl there in the tissues. istered with external X-rays without serious
-Also, when placed in a cavity, thle particles damage to other tissues.
(deposit uniformly% over the lining all( remain This type of therapy has bCcomeit routine ill

at the surface. many hospitals in treating cases of inoperable
Radioactive gold colloid meets many of thle cancer of tile prostate glandl. Only 5 to 10

requirements in these applications. Thle beta percent of prostate cancer cases are found while
rays emitted are short-ranged and so affect still in the stage where surgical removal of the
only the tissue immediately adjoining the prostate and capsule can p~roduce a cure. In

P~artic~les. Tile hialf-life of 2.7 (lays allows thle about half the cases the tumior has invaded its
activity* t~o disappear within at few dlays, after surroundings, and it is in this class that inter-
iaccomplishing its puirpose, and the bod 'y toler- stitia~l injection of radiocolloid has been usedl
ates thle. inert gold during thme remainder of thle with good effect. In the remaining cases,
pet-io)fl5 life, spread has occurred to distant, areas, usually

Tile chlief disadvantage of gold colloid is bonie or luings, and tie radlioactivity carried
tha~t it emits penetratinlg gamima. radliation in to these sites by the blood stream is not sitfil-
addition to the beta. radliation. Thiis makes it cient to produlce a significant effect.
more hazardous to admninister. Suirrounding Encouraging results have l)e('I obtained
healthy, organs aire also partly irradiated a~s well where the colloid was use(l b)efore Iiletastasis
ats the local tissue. Colloidal chromic radlio- occurred. U~sers of this technique have stated
p~hosphiate has 'omne into favor in some applica- that, the most striking effect. is tihe rapidl re-
tiomus, chiefly because the radilopiiospliorus emits gression in p~rostate size, experiencedl inl very
only beta particles. nearly all cases. In 7 to 10) (lays a large

Otfher colloids are also being used[ to advan- nodular prostate cani shrink unt il it is b~arely
tage, till([ more are being invest igatedl. Gold1 detectable.
colloid can be plated wit hi silver, for example, Involventent of tlie I.Nmulphat ic systeml fre-
to '"fool'' thle bodly into transporting thle gold quently occuirs ini cases of catncer becaulse cells
radliation sources to it greater extent into the aind tissue fralgniienrts sepairatedc~ fromt thle
ly, mpht channels. Yttrium chlloridec forms a col- malignant mlass are drained Off along t he
loid after injection inlto the body fluids and is lymlph channllels. Removal of inifectiouis aigents,
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and broken-down cells is a natural function of jected into the blood. are caughtl in tile fine
the lymph system. This function, unfortu- capillaries of the lurgs, whereas the snmaller
nately, aids in tie spread of cancer because the particles of a gold colloid pass through and
cancer cells start new growths where they conic concentrate in liver and spleen. Cancer
to rest. This most frequently happens at tile growths (listriibuted throughout the lung, as a
lymph node", the collecting points of the sys- result of blood transl)ort from a distant pri-
tern, which are usually distant from the cancer mary cancer, can thus be given local radiation
and at inaccessible locations. An advantage of treatment by the particles blocked at the
radiocolloid therapy in such cases is that the scattered sites. This typ)e of theral)y is rela-
ra(lioactive particles are often drained off in tively new and may result in useful treatment
the same way and become lodged at the same when the possibilities of controlling placement
p)oints. and( distribution have been further explored.

Both surgery and X-irradiation, when they
fail in cases of cancer of the cervix, do so pri- Intracavitary Injection and Instillation
marily because of residual cancerous growth in
the lymph nodes and the adjoining tissues. Radiocolloids, b)eing in fluid form, are well
Radiogold colloid has demonstrated its ability suited for placement in body cavities to irra-
to reach the lymph nodes for localized destruc- diate cavity linings. Beta radiation from only
tion after injection near the tumor mass. It the outer particles can reach the tissues with-
may be used as an adjunct to other therapy in out being absorbed in the liquid, so that the
cervical cancer cases. effect is that of a thin radioactive coating.

Moreover, the particles are rapidly deposited
Intravenous Injection and Clearance upon the surface itself and are engulfed in the

cells. Only about 1%7 of the particles escape
When a colloidal substance is introduced through lymph channels to the blood and

into the blood stream a somewhat similar thence to liver, spleen, and marrow, so that
result is accomplished. The reticulo-endothe- undesirable systemic effects of tire treatment are
lial system, a group of specialized cells wide- usually negligible.
spread through the liver, spleen, lymph glands, This technique, illustrated in Figure 13, is
and bone marrow, clears particles and debris being used in about 250 hospitals in the control
from the blood. Radiogold colloid, when of fluid accumulation in the abdominal and
injected into a vein, is caught in this system chest cavities of cancer patients. Often pain or
and thus furnishes a means for treating its disturbance due to fluid pressure on adjacent
diseases. Chronic lymphatic leukemia, for ex- organs is the only awareness the patient has of
ample, responds to this treatment about as RADIOACTIVE GOLD - Au 196
often as to drugs and X-rays. Hodgkin's FOt IINU•CAIIU 9 1 ITNXASASI1z CANClt

disease and lymphosarcoma are also treated in
this manner.

Distribution within the body depends partly ,r
on particle size. A degree of control can thus TO -tm
be realized through choice of an appropriate NMAL cavnvý
size. Extremely small particles of gold, meas-
ured in millionths of an inch, are produced
from a solution of a radioactive gold com-
pound. Slight alterations in the chemical
technique can give a range of sizes. Larger
particles may be obtained by depositing the
radiogold on suspensions of finely divided
charcoal. ADVANTAGES: I - imnm FOIMAIIO OF CAVITAR FLIDI - iuNcu MY

An entirely different distribution is obtained 3-ns U mLM T MM" To Oulu rwMtY
with the larger particles. These, when in- FIGURE 13.
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his disease. Irradiation of the cavity lining by raldiocolloid instillation, or introduction by
reduces or prevents the fluid formation, and tube. Filling the cavity with the Iluid allows
can minake his existence tolerable while treat- particle sources of beta radiation to surround
ment of his disease is attempted. Reports by each till papilloma or prot berance from the

those using this technlique indicate that relief wall. After sufficient time for effective action.
from symptoms can be obtained in approxi- tile cavity can be drained.
Inately 50 percent of the cases. The general
opinion is that it is best suited to cases in which Intracavitarv Insertion
the cancer is growing slowly akil the accumula-
tion of fluid is the most important Symptom. Radium has long been used in devices spe-

Radiocolloids have also been injected into (ilily designed for insertion into body cavities.
cavities as a preventive measure rather than This node of radiation therapy has been greatly
as a treatment. Radiogold is sometimes used extended by the greater'availability, e'onomy

in this manner when a cystic cancer of the ovary andt, in d ny cases, efitectiveness of the nlewer

is removed. In this ooperation, there is a andioisotopes.

possibility that some of the contents of the Cobalt 60 is roughly equivalent t.o radium in

cyst will be :'eleased into the abdominal (iavity. this type of application and devices designed to
Introduction of the radiogohl seems t "o werease hold the one are frequently used for the other.
the probability that the cancer ''seeds" will Figure 14 shows a simplified illustration of such
grow. a device. Various radiation patterns can be

Cancer of thie lung almost always involves the produced by using selected intensities and post-
adjacent lymph nodes. Radiogold colloid has rions of tlu e radioactive inserts.
frequently been put into the hlngs, by injection
or tube, for drainage to these sites. The slow- RADIOACTIVE COBALT - Co 60
ness of the drainage, however, is a disadvantage FOR INTRACAVITARY OR EXTERNAL APPLICATORS

of this technique since the gold radioactivity is
practically spent in the 10 or more days before
optimum concentration occurs. This period
has been reduced to about 5 days by coating the
radiogold with silver.

A still greater improvement has been achieved, C"CER OF Co so RON IN
UTERINE CENN= SELECTE POSMONS

in experimental work with dogs, by injecting
the gold colloid into the wall of the bronchus,
or windpipe. From there it has only a short o *
distance to travel and accumulates effectively in LTER" SPEA

the lymph nodes within 3 days. PERMITS WIDE VARIETY OF APPLICATORS

Too intense irradiation of a localized area of READILY AVAILABLE A INEXPENSIVE

tissue is avoided wherever radioisotopes are
applied. If tissue is killed faster than its frag- ALLOWS LARGE IWETORY OF SPECIAL SOURCES
ments and breakdown products can be disposed FIGURE 14.

of through the lymph and blood, toxic sub- Balloon catheters, also, are used for internal
stances are formed and released into the system irradiation of body cavities. After insertion
as in gangrene. Too intense a dose of radio- into the bladder or uterus, for example, they
colloid put into the quite radiosensitive lung, in can be inflated to expand the organ and smooth
an attempt to achieve adequate transfer to out the folds and irregularities of its lining for
lymph nodes, needs t.o be avoided. However, uniform irradiation. Fluids attempting to enter
it has been suggested that a lobe of the lung the cavity while the device is in place are
can be used simply as a transfer point for part drained off through a central catheter. One
of a heavy dose, when the lobe is about to be form of balloon catheter may be filled with a
surgically removed in any event, liquid. Since the liquid does not contact the

The lining of the bladder has also been treated tissues directly, it can be a solution containing
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any radioisotope with the desired radiation A unique form of implant has been developed
characteristics. In a second form, the catheter in which short lengths of either the radiocobalt
carries a small radioactive source at the center or radiogold wire are alternated with inactive
so that, when the balloon is inflated, the cavity aluminum lengths within very thin iyloni tub-
walls will be properly spaced from the source ing. This radioactive "'suture" is sewed into
for uniform irradiation. the tissues in a configuration designed to give

the best radiation pattern.
An even more recent development makes

Interstitial Implants use of copper-covered iridium wire for this
purpose. Before irradiation, the wire is slipped

The insertion of radium needles and radon into a sheath of thin copper tubing, to absorb
seeds into cancer tissue is a well-established the beta particles, and( cut into 3- or 4-mm
mode of treatment.. Here, again, the tech- lengths. Radioactivity induced in the copper
nique has been extended and improved with is short-lived and disappears before use. The
radioisotopes. Cobalt 60 wire is the material lengths are irradiated and then the desired
most, used for this purpose. It can be made number, say 10 or 12, are spaced at, 1-centimeter
much more radioactive than radiuim,so that only intervals in nylon tubing, with 3 or 4 inactivo
very thin wire need be used. This is encased aluninum pieces as a continuation at both ends.
in an inert, nonradioactive sheathing, such as The tubing is compressed between the wires to
stainless steel, which absorbs the beta radiation maintain their spacing. Enough tubing is left
but, does not hinder the gamma rays and is at one end to allow the radioactive portion to
unaffected by body chemicals. The encased remain in a shielded container while the surgeon
wires are cut to the desired lengths and can be places his needles in the desired pattern in the
bent to shapes appropriate for the tissues or tissues and threads the free end of the tubing
growth to be treated, although they usually into the first needle. A minimum of time is
resemble straight, rather thick sewing needles. then needed to draw the active portion into
In use they are inserted in a predetermined position. The aluminum markers indicate how
pattern to give the desired radiation field and many centimeters the end sources are below
are removed when a specified radiation (lose the surface.
has been delivered. Another implantation technique is reported

Both Iridium 192 and Tantalum 182 are used to be ready for clinical trial. This involves the
in the same manner, with certain advantages use of beads, less than a millimeter in diameter
and disadvantages when compared to Cobalt and of carefully predetermined radioactivity, for
60. Both have a greater neutron absorption implantation in brain tissue. Radioactive gold,
and so can be given a higher activity in a palladium, and yttrium have been used as these
reactor. On the other hand, they have much sources. Since beta particles travel only a very
shorter half-lives (Ir-192, 74 (lays; Ta-182, 111 few millimeters in tissue, a very small spherical
(lays; Co-60, 5.3 years) and require reactivation volume can l)e given a predetermined irradia-
from time to time. tion.

Implants also take the r', wi of short lengths
of radioactive gold wire encased in inactive Topical Application
gold tubing. These are comparable to the
widely used radon seeds and, because of the TIhe very short range of beta particles from
short half-life of radiogold, can be left in the certain radioisotopes has been advantageous
tissues permaniently The encased wire can in surface applications. .Many skin conditions,
be conveniently cut in the operating room to including warts and benign and malignant
lengths providing the required amount of radio- tumors, are treated with X-rays but only the
activity. The simple act of cutting seals the very softest, or least penetrating, of these
ends sufficiently against beta-ray leakage. The rays can be relied on to affect the outer layers
gold seeds have entirely supplanted radon at. without dlamage to deeper strucmtures. In
sonic hospitals. (contrast, the beta radiation froni raliophos-
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phorus, for example, has an average penetration superiority to X-ray equlipment ill this respect,
of only about one millimeter and cannot reach because the whole of their radiation has tile
the underlving tissues, same energy or penetrating power. In an

Plaques of many types have been devised X-ray beam a large range of energies are present

for holding concentrated or dispersed beta- and much of the beam must be filtered out in
ray sources next to the skill. The simplest eliminating the portion most harmful to over-

form is obtained by soaking a piece of absorbent lying tissues. To obtain a useful beam with

paper in a radioactive solution and holding radiation as penetrating as that from Cobalt
it to the skin with a(lhesive tape. Another 60, very special and expensive X-ray eqtip-
simple type is obtained by incorporating a meInt in the 2-million-volt range is required.
finely divided radioactive material into a A Cobalt 60 unit is basically a small piece

plastic substance which (can then be mohled of tile radioactive mIetal at t he center of a

to the contour of the, surface. Actual contact large ball of lead or other heavyV shielding.
of the radioisotope and skin. I- hese cases. A passageway for a beam of gamma rays from

is prevented ly a thin wrappill ,,: Cellophane tile cobalt is blocked by a shutter of movable
or the like. shielding when not in use. This basic unit.

to be useful, must be supported ill such a
way that the beam calt be directed as desired.

Ophthalmic Applicators Further details of control are added according
to tile proposed use and budget allowance.

A variety of devices have bee (designed for Thirty or more machines are now in use in the
beta irradiation of eye lesions. These employ United States. They differ in tile degree of
the same radioisotopes as in the surface plaques complexity introduced by positioning con-
justl described and have the same effect- o
in fact, they are often used in treating skin trols, timing mechanisms and, in some instances,

t even electronic computers to direct the move-
onitions. They usually are lesiged asthroughout a treatnt.

hand-held instruments with a radioactive tip, Tte tmchines fall into two classes depend-
and are frequently provided with a shield to ing upon the source strength and, therefore,
protect tile physician's fingers. NMore than tie amount of shielding. The anectocurie,
230 of these applicators are in service in treat- units, with source strengths of a few hundred
ing benign and malignant lesions of the eye. euries, can be light enough to roll from place to
The beta-emitting isotope Strontium 90 is place. The "kilocurie" units have sources
nmst frequently used as the source. of a few thousand curies and are permanent

Nasopharynx applicators are quite similar installations.
but adapted, as the name implies, to use in The ruggedness and comparative simplicity
treating pathological conditions of the upper of the source holder and shielding gives thle
air passage. Strontium 90 has been in favor basic unit a high degree of maneuverability.
for this use also, with Cobalt 60 occasionally The advantages of "rotational" therapy, for
providing a gamma-ray instrument for special example, can be obtained by swinging the
conditions. beam source entirely about the patient, as in

the kilocurie unit illustrated in Figure 15,

TELETHERAPY with the beam continually directed at a tumor.
A heavy dose of radiation can be delivered

Distance therapy b) means of a gamma-ray to a small volume in this way without over-
beam from a concentrated pellet of radioiso- (losing any one part of the skiii or healthy
tope is a direct outgrowth of teleradium and tissue.
X-ray treatment. Since tihe beam is directed Tile basic principle in l)lacing the source at a
through the bodyv to the cancer or other distance from the patient, when internal
growth to be eradicated, an important coil- structures are to be irradiated through over-
sideration is tile amount of damage to healthy lying tissue, is a geometrical one. The rays
tissue. Certain radioisotopes have shown a spread out in straight lines from tih soure( so

342334-55-3
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IOTATIOIA L tLTMIIL their turn for cobalt being activated at theam
t*6 SmAM Ur National Reactor Testing Station in Idaho.

MUM Bom,-oa Cesium 137 offers some advantages over
ACobalt 60 as a teletherapy source, chiefly be-

cause of its much longer half life (33 years vs.
5.3 years) and the reduced amount of heavy
material needed to shield its less penetrating
gamma rays. This isotope, however, has not
been available in large quantities, except for the
1540-curie source prepared at great effort for
the one unit mentioned above. The new fission

VAi mproduct separation plant, mentioned later underMom sum$ Available Materials and Services, is expected to
I-mMa Mu Rl M-WWU rIM-WSOS bou al $MM produce kilocurie sources suitable for tele-
3-M&MW$ IIm I 1 lMO M
3-MATM M 5MM UMY Commtherapy.

FIGURE 15. NEUTRON-CAPTURE THERAPY
that an area of a given size receives less radia-

tion as it moves away. In mathematical A quite different technique is being developed,
terms, the intensity varies inversely with the especially for the treatment of brain tumors, in
square of the distance. Therefore, with a very which a stable isotope is made radioactive after
near sburce the intensity at the skin is much biochemical concentration in a tumor. The
greater than at the more distant tumor. stable boron isotope B-10 in the form of a borax
However, with the source a few feet away the solution, for example, is administered to a
tumor-to-skin distance makes little difference patient. Impairment of the blood-brain bar-
and a radiation dose can be given to a tumor rier by the brain lesion allows temporary con-
without a much larger dose going to overlying centration of the boron. The head is then ex-
tissues. posed to a beam of reactor neutrons. Boron 10

With the exception of radium units and one absorbs neutrons much more readily than the
Cesium 137 unit all of the 30 or more telether- other elements present, and each absorbing
apy machines in operation are using Cobalt 60. atom emits an alpha particle which ionizes
About 15 other hospitals have machines in heavily during its very short travel. Localized
various stages of completion but are awaiting destruction of tumor tissue is thus accomplished.



Agricultural Studies
The frontiers of farm science and land develop- plants was impossible before radioisotopes
ment must be pushed forward at an ever in- became available.
creasing rate to provide for world population As illustrated in Figure 16,radioactive calcium
growth and to improve living standards. Food has been used successfully to study the uptake
production is not increasing as fast as popula- of calcium (the element supplied by liming) .by
tion demands. World population is increasing the root and fruit in the peanut plant. This
at the rate of about 1 percent or over 20,000,000 investigation showed that although calcium is
persons per year. Reliable estimates indicate absorbed in the plant by both the fruit and root,
that over half of the more than two billion peo- absorption by the roots alone is not sufficient
ple in the world today do not get enough to eat. for fruit development.

To keep food production in pace there must RADIOACTIVI CALCIUM - Cs41
be ever increasing production from the land FRo STUOYMN PLANT NUTRITION

and this advance must be based upon the work
of plant and animal scientists. Cs INCORPORATED

All over the country agricultural research is .IN PUNY MITRUST

being stimulated through the use of radioactive . T04AHLE BU||T •AOU SEdTS Of.LANlTS

and stable isotopes. These new tools are un- L ABoED ,oTs N AoN c,, oS.,,.,
locking the secrets of the growth of plants and A"I

animals and the scourges that injure or destroy
them. Most of these isotope uses are related NJ.i M
to the fate of metabolites and non-metabolites

in plant and animal systems. The major appli-
cations of radioisotopes to agricultural problems INDICATES:
have been concerned with soils and fertilizers, I- ROOTS SUPPLY INSUFOJII N CALCIUM FOR FRUIT S*OWT,
photosynthesis, entomology, and animal and ,2-LOCATION OF GREATEST A"SORPTION

3- ANSOIPTION DURIG EARiLY FRUIT SNOWTN

plant nutrition. FIGURE 16.

The hundreds of agricultural uses of radio- Iron 55 has been used to study effects of
isotopes are here separated into several types acidity and action of charged particles on soils,
of uses and only a few representative examples and to trace soil nutrients in the uptake and
of each are discussed. translocation of iron by sorghum plants.

Iron 55 and Zinc 65 have been used to determine
PLANT STUDIES factors influencing uptake and distribution of

inorganic elements within plant tissues and
Metabolism and Translocation their use in organic compounds synthesized

within the plant. Carbon 14 has been used to
The movement of mineral nutrients in plants study translocation of labeled organic materials

is being studied at several institutions. Radio- in most of our economically important plants.
isotopes of phosphorus, sulfur, calcium, copper,
molybdenum, and zinc are being used to investi- Uptake of Fertilizers
gate important plant nutrition problems.
Radiotracers are being used to determine the The most extensive use yet made of isotopes
path, rate of entry, and movement of materials in agriculture has been concerned with studies
in plants, the mechanism of such movement, on the uptake of fertilizers. This was one of
and to trace steps in the mechanism of transfer the first and most important uses in agri-
of ions from the environment to the plant cell culture. Now, even after 8 years, fertilizer
interior. Tracing elements through li%-iig uptake studies are still yielding valuable infor-
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suation. With radioactive tracers it is possible seed, b~road~cast, or foliage application call be
to study not only commercial fertilizers, but easil% complared. In tbe past, requiremenvts of it
green manures as well. These applications aire crop Oil it particular soil foi. at specific fertilizer
illustratedl in Figures 17 andl 18. usuIally have been mieasulredI 1w crop yield, lutt

variat ions in rainfall, t emperatulre, disease,
AAD1@ACTIVI PHOSPHORUS - P32 and ot her factors also affect yield and confound

FOR STUDY OF PHOSPHATE FERTILIZER UPTAKE tile evaluation of tile fertilizer. Through thle

I3 IUC (3)TI use of radlioisotopes maIIn ye~'ars, are( being
IN FERTIUIZER PLANT AND SOIL saved( in evaluating fert ilizer mnaterials and~

-- ~~liletb u o fS aiippsIcaLIoI), and Sounid coniclusionis
~aD -~about fertilizer pract ices are being drawn.

TOME FERILZER

ADDED TSOLThe capacityv of the --oil to supply- it planit
111trielit cait1 be In(IlsuItredl 1) x addinig . a hlabled

FOR RADIOACTIVE FOR TOTAL fertilizer ats at partial source of tile nutrient to
PHOSPHORUS PHOSPHORUS the growing plant. Tile planit will draw upon

SHOWS: hoth tilte nat ural supply and the aidded fertilizer
I- FIXATION OF PHOSPHORUS BY SOIL in proportioni to thle availalbilitY of each. Iii
2- PHOSPNORUS UPTAKE BY PLANT some soils, most of tilie p)lant numtrienit will
3-PROPER TYPE AND PLACEMENT OF FERTILIZER comle from tile added fertilizer, in other soils
4-EFFICIENCY Of FERTILIZER most of it will come from the nutrients already

FlormlI 171. present in thle soil. The isotope diluition analysis

RADIOACTIVE PHOSPHORUS - P32 1 is use to ob~tain this information. Thus the
FOR STUDYING PHOSPHORUS UPTAKE FROM GREEN MANURES plant itself, wvhich is the lbest judge of avail-

ability, is usedi to give tile answer.

2) 03Although measurement of crop yield is
-2 LAREME MAIPJB satisfactor-Y and in somec cases preferable, the

NLABELED GREEN ADDED TO SOIL
MANURE GROWN new techniques permit an evaluation uinder

P32 ADDED RAISS varving il odtosan taysaeo
To SOIL ' _. RYEedcnliiisadataysaeo

I' ~the plant's gr-owth through the season.

~ Through thle use of isotopes, it has been
__ proved conclusively that, plants absorb nut ii-

'WHEAT NAMIRE 14 li GASS SAI IF MEASURED cuts, not only through the roots but also through

IN D ICATE S: the foliage, the fruit, thle twigs, the trunk,
I-PIIOSPHO11US FROM GREEN MANURE AVAILABLE FOR PLANT USE and~ evenm the flowers. Comparative uptakes
2- SOIL PHOSPHORUS AND MODE OF PLACEMENT CONTROLS *IAIAUILTY of Phosphorus 32 are illustrated in Figure 19.

FIGURE 18. 01 ý

Although most of the investigations are SJLIJ( ELX7

designed to determine tile proper type, place- PADIOACTIVE PIHOSPW0IUS - P-3Z

ment, and1 efficiency of various fertilizers, the FOIIX 4

data obtained provide manyv other answers APPLOATI ___1

since the studies call be carriedl out undler a 4

wide variety of soil andi climate condhitionis. *I

American farmers are spending more than a bit-
lion dollars a year for commercial fertilizers, and RO
isotopes research has found many ways to get APPLICATION

greater returns in crop yields with this monley. 11
With radioisotopes, it is possible to tag at1 1 ' AL 450 60

certain material such as phlosphoruis in the OR

fertilizer, and tell how mnuch moves into the SI4OWS: I-QUICKEFFICIENT WAY TO APPLY FERTILZER

plant. The effectiveness of different methodls 3-CAN BE APPLfEC VVE MOST NeEOED

of placement of the fertilizer such its hbelow thle 'srwI.
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Tracer studies show that certain plant nutrients ti he leaves. Calcjiun mlust b)e applied to the
applied to the leaves in soluble form result ill soil to reach tit(, entire plant including tile roots.
as much as 95 percent uptake 1b the plant. Urea applied to the foliage is being used ver"N
Plant nutrients applied to the soil often show freely 1) orchardists and vegetable crop
no more than 10 percent uptake, specialists. Tle urea molecule has two groups

Work in California and in Oregon showed of nitrogen atoms in addition to one oxygen and
that spraying dormant trees with fertilizers one carbon atom. Since no suitable radioiso-
improved the growth of the fruit the next year. tope of nitrogen exists thie molecule is made
It, has been shown that, within 24-48 hours, radioactive 1)" using radioactive carbon. (It
even in mid-winter andi at below freezing call, however, be traced by a heavy isotope of
temperatures, radiozinc movement in the nitrogen, stable N-15.) When urea is applied
branches can be traced 18 inches to 2 feet to a plant the enzyme "urease" acts oil tile
above the point of application. Furthermore, molecule and splits it. The groups containing
the nutrient tends to accumulate near the nitrogen combine with hydrogen in the plant
buds. Thus the entry of nutrients into lormant moisture to give amnniona which moves into tile
branches is proved and the value of spraying plant. The radioactive cii ritin and the oxygen
fruit trees with zinc in the dormant season is from the p)lant moisture .wm;ýine to give radio-
established, active carbon dioxide. B\ -tounting tile radio-

Similarly, the radioisotope technique shows active carbon dioxide that is given off, one can
that a leaf is a very efficient organ of absorption. obtain an absolute measurement of the use of
Experiments prove that the nutrient material nitrogen from the urea applied. This test has
moves in from any leaf surface both night given valuable information on the ability of
and day. different plants to use this compounld.

If leaf feeding is compared with soil feeding
radioisotopes demonstrate that nutrients sup- Soil Fertility
plied to roots move upward in tile plant. If
applied to the leaf the nutrient moves downward Of major concern in agriculture are the
in some plants at the rate of about one foot an amounts of naturally occurring nutrients in
hour. When applied to a middle leaf the nutri- soitheir engealt theusoi , ntriensoil
entsoil, their exchange between the soil, ti soilent ove boh was vry ffecivey. lso solution, and plant roots, and their availability

learned during these studies is the fact that cer- to plants.
tain parts of a plant need specific nutrients at
different times. Maintenance of soil fertility is the main

When seeds form in fruit, radioisotopes show objective of soil management. Soils of the

that phosphorus concemtrates immediately i' United States Corn Belt are fertile, but their
e scontinued ability to supply adequate potash

tie seed. In the case of the apple both phos- (potassium) to corn has been questioned. The
phorus and magnesium conceiltrate in the seedl capacity to supply potash can beC measuredl with

when it is developing. This explains why a radioistospes U ortuatl Onbe casrdwth

magnesium deficiency appears in teUnfortunately, one cannot use
magnesiumer defiense app wing teagnesium a radioisotope of potassium in field studies forsummer when seeds are drawing magnesium it, has none with long enough half-life. How-
from the leaves.

Studies with radiocalcium |have silown thlat ever, radioactive rubidium, which behaves

foliage application does not result in movement chemically very similarly to potassium, can be

of this nutrient to root sections. This is of used and follows along with potassium as a

considerable importance, for example, in grow- tracer. These studies are Yielding valuable
ing strawberries. Calcium applied to tei foliage information on soil maintenance questions.
of strawberry plants would not move to the A tracer study directly related to soil fertiHitY
roots. Daughter plants nourished only by is the use of radioactive calcium in measuring
roots might therefore starve to death for lack of the kinetic exchange of this element in various

calcium if the material is available only tlhroughl types of clays. The radioisotope tracer t(chl-
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nique, illustrated in Figure 20, is particularly Action of Growth Regulators and
suited to measurement of exchange between Herbicides
ions of the same element. This study shows
that calcium exchanges readily. Radiosotopes are used to study the behavior

and action of plant-growth regulators and herb-
RAIDIOACTIVI CALCIOi- C@45 icides. These investigations are concerned
RADIOACS T xCALC iN CLprimarily with how these materials act on

metabolic processes. The method, illustrated in

Figure 21, is so specific it can show how a regu-
TI L.ABELE CLAY

4 DM TO AE CLAY lator is translocated to developing parts of the
UTILATED am 3Y1 03 plant. Further, it is so sensitive that it indi-

SOuno MS cates accumulation of as little as a millionth of
a gram.

RADIOACTIVEIOIN0E11 - 1-131
FOR S15AI3 NOW"EN OF KWAN GROMi MWaN

14)

ADVANTAGES: UKOM TO OMLO 4
I-MI[ASUBUS EXCIMS IETWEMN iONS OF SAME ELEMENT 94W "M o MM T

lIMIT' AS WSI[
2- CONFSM KMM~i EO4NIULMMu A

FIGURE 20. ,WIT NElNS

Calcium 45 has also been used to study the T

absorption of calcium by alfalfa and other __
legumes as influenced by soil reaction, amount of .. . ..
exchangeable calcium, degree of calcium satura- UST CMK MT NO Cm• KAU

tion, presence of manganese, iron and aluminum, INDICATES:
I - DIUAM W W ATHW AEYAAM

and method of application. a- MUaMO TACAD n DEVM MTS O f .RAW mn r

Likewise, Phosphorus 32 is used to study 3- AccL.ACNT Of ,•NUA, M MILUM Os UM IAMR.

exchange reactions of inorganic phosphorus FiGuRE 21.

between solutions and mineral surfaces in soils Growth regulators can speed up or slow down
and synthetic calcium phosphates, and to the growth of plants. Advancing the date for
determine the contribution of phosphorus in maturing of crops, in some cases, can mean
manures to the fertility of the soil. thousands of dollars of added profit in the

Carbon 14 has been used to study decomposi- market place. Radioisotopes are helping to find
tion rates of organic materials in soils and their better growth regulators.
availability as nutrients to plants. Radio- In the war on weeds radioisotopes have been
isotopes of potassium, calcium, and rubidium called upon to help explain the complicated
have been used in the laboratory to study actions of herbicides. It has been estimated
exchange equilibria reactions of these elements that crop losses due to weeds alone amount to at
in soils. In other laboratory studies, Sulfur 35 least 5 billion dollars annually. Weed plants
and Calcium 45 have been used to determine the take water and nutrients meant for crops and
rate of leaching of these elements through are carriers of both animal and human diseases.
columns of soil. Their presence increases the cost of tillage by

The radioisotope technique opens new vistas almost 50 percent.
in basic research on soil fertility. It adds to the Certain chemicals can kill some plants and
precision and reliability of measurements of spare others. The best known herbicides now
importance to agriculture. It does not make in use are the phenoxyacetic acid derivities
obsolete other current research methods but known popularly as 2,4-D and 2,4,5-T, pro-
rather supplements them as a very useful new duced in 1954 at a rate exceeding 60 million
tool. pounds.
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Tile action of herbicides on the alligator weed with sulfur. But, to dust 70 inillion acres of
has been investigated with C-14-labeled 2,4-D. wheat in the United States with tile minimum
Through this study valuable information amount of sulfur that would be effective in
was gained on possible new materials for ecorn- years when weather favors rust would require
batting the weed. nearly 2 million tons of sulfur. Cheaper

It has been shown that bean plants readily fungicides, therefore are badly needed and
absorb the radioactive 2,4-D, and radioactivity radioisotopes are helping to find them.
has been found in the various parts of the plant. Work has been done on methods for tagging
This absorption into edible plants is important, fungal spores with radiocarbon. The effect of
of course, because of possible effects on the radiocarbon upon the growth and genetics of
plant and on persons who eat the beans. In a the tagged organisms also has been investi-
continuation of the study, two radioactive corn- gated.
pounds in addition to unchanged 2,4-D were In testing the toxicity of chemicals to fungus
found in an extract of the stems of bean plants spores, chemical methods of determining the
treated with labeled 2,4-D. This led to further quantity of uptake by the spores are impractical
work on metabolism of 2,4-D in 2,4-D resistant because of thle minute amounts involved. With
plants and to studies of the absorption and the availability of radioactive isotopes, quanti-
metabolism of radioactive 2,4-D by crops tative uptake of the toxic chemical on a spore
such as corn anti wheat. weight basis can be carried out quite easily.

Isotopes also make possible study of tile
Plant Diseases and Fungicides relationship of several toxicants and the replace-

ment of one material by another in fungus
Plant diseases cause an estimated annual spores. Spores of various species were found

agricultural loss of approximately $3 billion, to act quite differently in their affinity for
Old as well as new diseases sweep the country various toxicants.
from time to time. Other types of plant disease studies with

Some plant diseases are annihilating. Cereal radioisotopes are illustrated in Figure 22. They
rust may destroy up to two-thirds of the crop are concerned with the proper balance of normal
of wheat and oats in extensive areas. Potato metabolic processes. In the study of molyb-
blight can almost completely destroy potatoes denum, an essential mineral for plant nutrition,
in the field or in storage. Many other diseases it can be determined by the tracer technique
are debilitating or disfiguring. They may cause what concentration of the element blocks iron
pealing, root rot, wilt., scab, and various other uptake and causes chlorosis (an iron deficiency)
disorders. Mlost plant diseases are insidious as well as the mechanism of the block. Since
because of the relative invisibility of the disease the amounts of molybdenum anti iron involved
organisms.

Radioisotopes are of great value in studying ,ADIOACTIVE MOLYBDENUM--Mo93-Mo99
plant diseases and devising means for their fOR STUDY OF MIKR/LS ES.IJNTIAL FOR PLANT MUTRITION

control. Carbon 14 has been used to study
metabolic changes in tobacco plants induced by (&
virus infections, mealy bug wilt of pineapple, LADOATP MaYBDENM

and effects of the virus of "little cherry" dis- WM O * C# 'j NT

ease. Sulfur 35 has been used to measure the
difference in absorption of sulfur by parasites
and the host in plant diseases caused by fungi.
Phosphorus 32 and Calcium 45 have been used .

to compare absorption and movement of phos- SHOWS: NUTI[ XT N

phorus and calcium in pole-blighted and healthy i -N D•TRIUTK• OF T MINUTE/AOTS REUIED
western pines. 2-EXCESS MOLYBDENUM BECOMES FIXED IN FOLIAGE --

Wheat stem rust and most other rusts can be -M- MAY LOCK IRON UPE AM CAU C4OM
controlled if plants can be dusted often enough FIGuRE 22.
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in this plant disorder are very small, tle desirable characteristic h li'l cali hbe Iil iiced
sensitivity of tihe tracer technique is of particu- by radiation. The most striking example so
lar advantage. Iron 55 and 59 also have been far of tihle induictiol of other chiarateristics is
tused to follow iroil mnetabolism under conditions illustrated by work in North Carolina. Irradia-
conducive to chlorosis. tion has prodluced peanut plants which have

about 30 percent higher yvield per acre, a size and
Radiation Effects and Genetics shape better adapted to znechanical harvest Iig,

and better resistance to c{onlilion leaf spot

The science of radiation genetics niav have diseases.
a fundamental effect upon agriculture since it Attempts are also being iuade to develop
offers promise of developing new strains of shorter corn plants which provide a greater
hardy, disease-resistant plants. Natural imita- yielh of grain per stalk. In N-ebraska there is
tions, or changes in the germ cells which traxis- a program to develop a winter hardy barley.
mit inherited characteristics, occur spontane- NMany important crops, such as apples, are
ously although at a very slow rate. Ionizing not normally propagated by seeds blut are
radiation causes them to occur much faster. reproduced by means of branch grafts. Several

Early genetical studies used X-rays and ra- types of plants and vines are being grown in
dium, liut the work was on a limited scale. gamnma-ray exposure fields. Branches are re-
Reactor-produced radioisotopes provide the moved from time to time and grafted to normal
geneticist with new tools that greatly facilitate host plants in radiation-free areas. It is ex-
plant breeding. pected that these will pro(dl(e many abnormal

With better radiation sources, radiation branches bearing new types of fruit.
genetics is being studied from two different Nature continues to prodluce new and viru-
points of view. The first approach is designed lent strains of plant-disease organisms. Radio-
to give a better understanding of the science of isotopes have proved to be very useful in
radiation genetics and consequently of genetics determining the potential virulence of some
itself. The second is a much more practical types of fungi. This is (lone by exposing a
approach to the use of radiation for the solu- disease fungus to radiation in order to speed tip
tion of specific agricultural problems. the natural mutation rate. In this way it

By means of fundamental studies, plant is possible to gain some insight into what types
scientists have been able to define accurately of new diseases may occur naturally in the
the way in which radiation should be given to future.
a plant, the biological conditions which must The degree to which plant disease c-an be
be fulfilled, the type of radiation to use, the overcome will depend on how well possible
results that may be expected, as well as a great future diseases are understood. Thus. nutich
many other factors necessary for an intelligent basic research is required and in many cases
approach to the problem. radioisotopes provide the only key.

Such fundamental studies have produced
evidence that some radiation-induced muta- Moisture Distribution and Cloud Seeding
tions are desirable changes. As a direct result
of these studies, scientists recently have applied Droughts have a vital economic effect upon
their findings to the solution of specific agri- agriculture. Any new information about
cultural problems. One of the most spectacular weather in general anti rainfall in particular
of these results is the development of rust is of great importance to the farmer. The
resistant oats by means of neutron irradiation, versatility of the radioisotope technique has
After only one anti one-half years, a small made it a useful new tool in this field.
amount of rust resistant oat seeds was obtained. For most efficient use of natural precipitation,
Conventional plant breeding methods might particularly in western states, it. is helpful to
have taken 10 years to produce this result, at know the amount of precipitation both as it
considerably greater expense. falls and as it is storedl in snow packs in the

Disease resistance is by no means the only mountainous areas. Without this infor|ma-
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tion, proper pr~eparation.11 cannoI(t be ininle to( flow anti d ist ribtil lionl d ting lil1ga tionli.In
store a port ion of die watecr inl lakes aond reset'- 1141%41111 field t est s wa ter inflow Inleasured 1) ' %
vonj's for later its(, whenl it is mlost tirgeliIllY f lit- i u ter chniqlfie agreed %-er' v cost-lY
needed. Commuitmlents for irrigation wutter withI wititi. mlealsured by lParsilialIlums
supplies ats well its hydroelectric current are*( These tests atre oilithingy out1 weak nesses iii the
miade on the basis of snow mneasuiremients. lpreseiit svst yil of t im~ing wilt en. flow alind %-oltilivi

'Snow-survey and lprecip]I ILt ion-gage datal of win Icr used. With fuller (11111 Ii. tlinnges III
give only limited information because of t ie irriga t loll methlodis cail be schiedutled to obtainn
inaccessibility of nianai import ant wait ersliedl at better dlist riibut ion of watter.
diuring the wildter ionrtt s. However, tile us-e C'obaklt 61) and Cesium I 37 are-( being tisvd

of radioisotopes allows reliable arid economoiclU also it- sources of galririat ratys for inlelsurulig
mnethiods for' measuring and teletnietering ill- Soil irloistutr'e oil Hawaiiani sugar plantations.
format ion oil thle amount of water stored ll Th''lere are obvious adlvantages lin having abso-
mountain snow packs. A snow gage uttilizing lute moistunre values tont iiiioiisly available
Cobalt 60O has been developed and integrated without (dist urbing tlie( soil. Realdings canl
with 1) telemieterinig system. 'Ihle aplJ))ication be taken ait several steps across tilie mula roott
is iliustrawd~ in Figure 23 systeli.

RADIOACTIVE Co EALT - Co 60 Cesium 1:37 is being used it a detailed st udy

FOR MEASURIN WATER CONTENT OF SNOWFALL of tile relation of soil water' to Photosynthesis.
E~xperimnents are being carriedi out with pot ted

4=m Swunplants a~nd the sodl moisture is mnetsuredl by the(
gamlma-ray metbodl. The tops of the planits
ar'e seatled ill glass chIamber's so that the rate of

I . 6",uptake of carboa-dioxide front thle air c-an be
followed con tilluiously. Exact time r'elat ions,

MCOAND aATbetween plant, wilting andl Jplitots nithesis are-(
mumACVi COBWWWE co sSUTIOu being sought.

Stutdies, of efficient utse of fertilizer also
ADVANTAGES: htave provided informnat ion onl mo istunre avail-

I - MEASURES AMOUNT Of WATER DIREMY ability to plants. raggedl fertilizer placement
2- MEASUEMENTS TEEN EWMTIY stdiles, indicate the time andl depth at which
3- NIONR MC-211 OF ACCURACY supplemental irrigation is most requiredl. Stich

IFIGURE 23. irrigation is important in Prodluction of hligh-

Radiosilver has been ulsedl to study clouid acre-value criops suich as tobacco, even in areas
seedling, whic'h Iladl undlergone extensive testing o ihana anal

as a means of artificially prodlucing rainfall.
Thle experiments, conducted in Oklahoma,
employedl Ag I I I in proper combination with Root Growth
stable silveir iodlide foi' introdluction into thle
atmosphere. Thle taggedl AgI crystals werec To achieve higher *yields from platits, at better'

ulsedl to trace thle concentration andl distribu- uniderstandinig of root sYstems anid their' rate of

tion of such crystals in the atmospheire bo ';i growth is important. Ali insight into this imi-

vertically and lhorizontally and under specific portant aspect, of plaunt growth is gainled during

atmosphei'ic flow condlitionls. The precipita- fertilizer uptake and soil fertilityv studies with

tion believed to have been indlucedl was ana.- r'adioisotopes.

Jyzedi. This more accurate miethod of measuring For example, tracer stud1ies show that corn
gave knowledge of AgI concentration and plants wvhichi have extenrsive root sYsteins dur'ing
(list ribit ion in the atmosphere and inl possible maximum growth cannot get a major share of
precipitation from seedled clouds, tire pho0sphoruLs from a suirface aplplicfitioit made

Radioactive rujbidiuim hlas- been ursed on ait planting time. The i'oots are predominantl*y
Hawaiian sugar plaintations to study water below the plow depth whenl t he coi'n1 is ma11turing.

342334-55--4
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Therefore, radioisotopes show that tilth crop of photosynthesis as a whole destroyed in the
feeds largely on phosphorus already in the soil. plant, tile individual bits of green coloring

Other interesting points observed in tracing matter from the plant would still carry out the
fertilizer include tilt, comparatively shallow reaction of evolution of oxygen and transfer of
feeding of cotton plants and tile heavy uptake hydrogen when p)laced in water and subjected
of nutrients from infilediatelyv beneath the to sunlight.
peanut plant during the first 7 weeks of growth. Iii 1946, when ('arblon 14 became available
Research of this kind is leading to a better ul- in large quantities from Oak Ridge, researchers
derstanding of tile volume of soil utilized by at a score or more universities began investigat-

various crop plants. In the soils of tile South- ing the chemical reactions of carbon dioxide

east, which are naturally low in fertility, plants after hydrogen is transferred into the system.
are usually expected to subsist Oil nutrients This work led eventually to the discovery of

supplied in tile top 6 inches, or plow depth. It later steps in the process.
may be possible to raise the ceiling on yields by II3IOAC7IVE CAIOl - C 14

providing a deeper zone of nutrients more in FOR STUDYING FOOD PRODUCTION IV PLANTS-PHOTOSYNTHESIS

keeping with the needis of the plant,. If heavy
rooting could be induced in a number of crop P N

plants to the depth of one additional foot, the -- uoS ¶IToPLANTS TO MAKE FOD,

bad effects of relatively brief droughts would be C1.0.
materially reduced. RADIOACTIVE CARN DIOXIDE 3a eADDED 10 All IN JAN IADIOCHIMICAL ANALYSIS OF

In studies of root system growth radioactive L•FAT PRODUCTS AT VAIONS
INTERVALS OF GlOW

phosphorus was placed in the ground at various
depths and positions around the base of the
plants. The appearance of radioactivity in a
plant indicated that roots had reached the fer- S HOWS

I -APIDITY OF LIFE PROCESSEStilizer and permitted making a detailed pattern .- INTERMEIATE STEPS IN PRODUCING FOODS

of root growth as the plant grew. Information 3-ROLE OF CNLOROPIHIYLL (GREEN PIGMENT)

was obtained oil how much each zone of the FIGURE 24.

root system contributed to the phosphorus As in many life processes, the steps in photo-
nutrition of the plant. synthesis are very rapid; many compounds may

Radioisotopes will certainly play a prominent be formed in a few seconds. Through the use
role in further fundamental research on rooting of radioactive isotopes, as illustrated in Figure
characteristics in relation to soil properties. 24, these dynamic life processes were unraveled.

The successlul discovery of the intermediate
Photosynthesis steps in photosynthesis was reported to the

American Association for the Advancement of
Photosynthesis is the process through which Science at the close of 1954.

green plants make food out of air, water, and
the radiant energy from tile sun. It was not ANIMAL STUDIES
until 1940 that anything definite was shown
about the role of water in the process. Oxygen Tracer studies in animal nutrition and animal
was known to be evolved but its source was in physiology are similar in many ways to those
considerable doubt. At that time, scientists in in plant physiology. They cover a wide variety
California, using water labeled with stable of interest. The problems and approaches are,
Oxygen 18, definitely established water as its also, very similar to those involved in the ex-
source tensive use of isotopes in the studies of human

Scientists in England were successful in physiology and metabolism. As a matter of
determining the next major stage in photo- fact, animal studies must often serve as a basis
synthesis. It was found that if the leaves of a for application to human beings. A major
plant were ground up, and thereby the process portion of the radioisotope applications in the



AGRICULTURAL STUDIES 39

animal husbandry field have been concerned considered an important and cheap nutritional
with metabolism studies in poultry, cattle, and mineral even for nonruininants.
sheep. Radioactive sulfur is being used in Wyoming

to study selenium poisoning, an extremely
important problem since many areas in western

Micronutrients states are unused because of high selenium
content in the soil. Selenium is taken up by

Radioisotnopes are uniquely valuable for plants anl, when consumed by animals, has
studlying mineral metabolism, especially tial many toxic effects. Sulfur metabolism was
extremely minute quantities of certain essential shown to be affected by the ingestion of sele-
elements called micronutrients. Perhaps the nium. The latter is believed to interchange with

best known and most striking of such studies is sulfur in important amino acids, thus making

concerned with cobalt, metabolism in the them in ai la nt t o acid s, th u ghm such

ruminant. Cattle and sheep require between them unavailable to the body. Through such
ruminandt.07 partslpe million s oeep co tire bstudies a better insight is being gained on the0.04 and 0.07 parts per" million of cobalt in their mode of action of selenium.

diet, whereas simple-stomached animals such Other studies include the use of radiophos-

as horses, hogs, and rabbits have much lower phorus to investigate the metabolic relation of

requirements. Chemical studies of such low phosphorus with iron, cobalt, copper, and

concentrations are extremely difficult. How- molybdenum in larger animals. Mineral me-

ever, the problem easily lends itself to the tracer tabolism in animals such as rabbits, chickens,

technique, which also permits the investigator swine, and cattle has been studied wich the

to follow the metabolic path of the element. following radioisotopes: Cesium 134, Phos-
Vitamin B-12 is known to be essential in phorus 32, Sulfur 35, Calcium 45, Iron 55,

minute quantities. Since the vitamin B-12 Cobalt 60, Copper 64, Zinc 65, Strontium 89,
molecule contains cobalt, it was suspected Molybdenum 99, Iodine 131, and Tantalum 182.
rather early that cobalt deficiency in cattle
and sheep was actually a B-12 deficiency. By Use of Organic Metabolites
oral administration of radiocobalt it has been
confirmed that vitamin B-12 is synthesized in Radioisotopes have found such extensive use
the rumen of cows and sheep and that oral in investigating organic and biochemical proc-
administration is the most effective way to esses in animals, as shown by the large number
provide cobalt to animals deficient in this of papers listed in Appendix V, that only a few
mineral. ftentwrh pliain ilb rel

mineral.of the noteworthy applications will be briefly
Prior to work with radiomolybdenum, it had discussed.

been assumed that molybdenum was essential In several Southern states many better breeds
for plants but not for animals. In recent work of cattle do not thrive well because they are
in Tennessee, radiomolybdenumh was given to unable to adapt to high temperature and
dairy cows. One of the important body en- humidity. Several groups have conducted ex-
zymes, with radioactive molybdenum incorpo- periments in which animals with high heat
rated into the molecule, was then isolated from tolerance, such as the Sindhsi and Brahman,
milk, showing that molybdenum is a part of are crossed with other breeds in an attempt to
this important enzyme. develop animals with both heat resistance and

Recent research with Sulfur 35 has shown high productivity. Prior to the use of radio-
that the amino acids, cystine and methionine, isotopes, it was difficult to evaluate the ability
are synthesized by sheep and cattle from of an animal to withstand high environmental
radioactive inorganic sulfate administered temperatures. The more heat-resistant ani-
orally. In a rather surprising development, it mals are believed to adapt themselves to high
was showi that the chicken also could synthe- temperatures, at least in part, by a depression
size the amino acid, cystine, from inorganic in activity of the thyroid gland.
sulfate. Since cystine can partially replace Scientists in Missouri have injected radio-
methionine in the diet, inorganic sulfate may be active iodine into animals exposed to various
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temperatures and then measured the uptake of Physiological Availability of Diet Addi-
iodine by the thyroid with a counter. These tives
studies are leading to a better understanding
of thyroid depression and heat resistance, and Radioactive tracers are used in a wide variety
are helping to identify animals with more than of ways to stud.y the physiological availability
average heat resistance. The selected animals of diet additives. Prior to the advent of radio-
are used in breeding more heat-resistant cattle. isotopes for following coomplicated body proc-
Efforts are also being made to use similar tech- esses, very little information on this important
niques for prediction of performance potential aspect of animal nutrition was known.
in the young animal. Conventional food balance Studies give infor-

In the above section on micronutrients, the mation only on intake and loss of nutrients
synthesis of amino acids from tagged inorganic from the body. Although ex(.reta from animals
sulfate was discussed. These same observa- contain materials that have not been absorbed,
tions suggested that only the growing feathers they also contain material which have been
of chickens take up methionine and cystine and absorbed from tihe alimentary tract and subse-
that there is no exchange of these amino acids quently excreted. This fact long interfered
in the feathers with those in the body. The with estimation of the true digestion coefficient
work also demonstrated that growth takes place for feed materials, until the introduction of
only from the base of the feather. The growth radioisotopes permitted identification of the
of wool and the growth of feathers have much sow-,-e of excreted elements. Such uncertainty
in common, so that radioactive sulfur also offers about mineral absorption is in contrast to or-
excellent opportunities for the study of wool ganic nutrients, since the digestibility of these
growth and the effect of nutrition upon the can usually be measure(l with accuracy bv
growth of wool fiber. analysis of feed and feces. When organic nu-

By injecting cows with substances containing trients are absorbed into the body from the
radioactive carbon and then measuring the digestive tract, they are broken down and not.
radioactivity of expired carbon dioxide and reexcreted intact into the gut. Tennessee and
various milk substances, investigators can estab- California scientists have succeeded in making
lish the rate at which organic metabolites are definite separations of endogenous (body) and
broken down within the body and the extent exogenous (feed) calcium and phosphorus in
to which the carbon in them contributes to the feces. Similar studies have been extended
formation of milk substances. The sensitivity to the egg, the fetus, and milk, making possible
of Carbon 14 as a tracer is illustrated in Figure a clearer understanding of the relative contribu-
25. tion of the feed and body to each of these.

This type of study is leading to a clearer under-
t w t • 4 standing of the important processes of nutrition.

US,•NG It has been long thought that the digestibilityof the phosphorus of alfalfa hay for lambs was
low, about 20 percent. This supposition is con-
tradicted by recent studies made in California.
The radioisotope tracer technique showed the

true figure to be about 90 percent. Thus,
alfalfa was proved an excellent source of phos-
phorus for the feeding of ruminants.

These procedures have emphasized tihe dy-

I MILLIGRAM oF C 14 EmiTs ZOQOQ0OO0 RADIOATIVE SNALS/SEc. namic equilibrium of all elements within tie
animal bodty, and have nma(e possible a new

I mC I IN A DAUG. VITAMIN OR HORMONE INJECTrD INTO approach to (let(ermining body requirements of
A 1000 POUND COW-CAN STILL BE MEASURED NI
tomg AMOUNJTS OF BLOOD, MILK OR TISSUE, farmn animals base(d oin trle digestibility of

F"I('i2). feedI nutt rients.
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Biochemistry of Body Processes edge of suchi processes is extremely important
in improving milk production.

For investigating the biochemistry of body When acetic, propioni', and butyric acids
processes, radioisotopes provide tools with containing radioactive carbon were injected
practically unlimited possibilities. The work into cows, it was noted that 17 percent of th,
accomplished in this field on both laboratory radioactivity from the acetic acid, I1 percent
and experimental animals is quite extensive, from propionic acid, and 6 percent from butyric
as indicated by Appendix V. (See sees. J and acid appeared in the milk, thus giving their
K.) efficiency of transformation into milk. When

A great (teal of research has been carried glucose containing radioactive carbon was in-
out with the dairy cow because of its importance jected into the Cow, 56 percent of the radio-
as a provider of food. Much of this research active carbon appeared in the milk. By ana-
has been done with the object of evaluating lyzing the milk and studying the amount of
feed in relation to milk formation. activity found in each milk component it was

In the rumen of the cow, carbohydrates in shown which milk substances arise from acetic
the form of both starch and cellulose as well acid, propionic acid, glucose, anti butyric acid.
as proteins are acted upon by microorganisms Such studies also suggest pathways by which
and are broken down into small molecules. biochemical transformations take place.
Radioisotopes show the principal end prod- In a similar study, illustrated in Figure 26,
ucts to be acetic acid, propionic acid, and radioactive glucose pumped through an udder
butyric acid. These are absorbed in the by an artificial heart-lung apparatus has shown
body for metabolic processes. Acetic acid is that all of the activity goes into milk sugar
built into the body fats and other substances, and practically none to other milk components.
used for energy, and converted into milk fats. These studies show that glucose, when injected
Propionic acid is converted into liver glycogen, into the cow, is converted into substances sucth
and butyrie acid appears to be converted pri- as fat and protein, which then are carried to
marily into beta-hiydroxylbutyric acid. Knowl- the udder by blood and converted into milk

ARTIFICIAL COW FOR STUDY OF MILK
RORMATION B3Y USE OF RADIOISOTOPES 7
-(A **AUdder wo nVwstem AwtmsfmM~)

Bet%-H drybu#yric acid containing

i.I6td Udde.r is used pvia.dity for
milk flt formation *t *hown by the

FIGURE 26.
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components. A considerable amount of the Radiation Effects, Reproduction, and
glucose also passes directly to tie udder and Genetics
is converted into milk sugar. By tile use of
an artificial cow and radioactive glucose it has Radioisotopes have been used extensively iII
been possible to show that the udder itself specialized studies of experinlieitally produced
utilizes glucose for milk sugar production only. radiation sickness in animals. Perhaps the

Information on milk forming reactions is most noteworthy are tihe studies of response of
showing the way to improved milk production far'm animals to radiation in which no1'rmal
in individual animals, the choice of economic animals were subjected to lethal ail subletli
feeds, bet ter management practices, and choice amounts of radiatiozi from Cobalt 60. Such
of better stock for b)reeding. studies have provided vital information on

survival rates, physiology and pathology of

Animal Diseases irradiation, ab)ility to perform wyork, and food
potential of various farm animals in case of

Economic considerations often operate atomic disaster.
against using domestic animals to study dis- In other studies, uptake and retention of
eases which affect them. Large domestic fission products in farm animals has provideed
animals must be given si cable quantities of useful information on the extent of radiation
radioisotipes for investigational purposes, and damage caused by these materials.
their use creates special radiological safety Radioisotopes are used in investigating ira-
problems. Results of work with small animals, portant problems of placental transfer and
such as rats, often can be extrapolated to larger d e position of elements in tile developing fetus.
animals. rhese studies wvere peformed oi1 cattle because

However, certain specific problems must be their body size allows more detailed
investigated in the particular animal of interest. study of skeletal deposition and placental
In many such studies, radioisotopes provide pernsabilit d.

the best or perhaps the only approach to the perinipev
The principles of genetics are believed to be

problem. The following examples illustratesomeof he ppliatins.universal fr'om bacteria to mann. Extensive
some of the applications, studies of the genetic eflect of radiation are

In Maryland, radioisotopes have been used
in work on ketosis in dairy cattle. Ketosis is heing made with laboratory animals such as
caused by a hormonal deficiency that brings mice. Information gained in these studies will

cauerovid byt aeesr horona deiiecnta attempt to pro-
on a breakdown in the body's system of normal provide data necessary for an

t duce beneficial mnutations in animals. Animal
checks and balances. It has been shown t scientists hope that such mutations will result in
the hormone ACTH (can be effective in its increased economy in nutrition and in resistance
treatment. In other studies on bloat in sheep to disease. Poultry raisers are using radliation
and cattle, a condition that results in losses in an attempt to produce genetic change, lead-
amounting to millions of dollars, the use of
radioisotopes is being planned as the most
direct and profitable approach to a solution.

Strontium 90 beta-ray applicators have been INSECT STUDIES
used for treating infections of tile eyes and skin
in farm animals. Valuable breeding bulls with The number of species of insects and related
eye cancer have had their usefulness prolonged. arthropods are known to app)roach one million.

Chromium 51 and Phosphorus 32 have been The destructive and beneficial activities of these
used in labeling the virus which causes erythro- small creatures often determine the economic
granuloblastic leucosis of fowls, and also a and social level of man's existence. l)estruc-
low-virulent strain of Newcastle disease virus tion of crops by the corn borer and several
of fowls. Cases of neural lymphomatosis and species of grasshoppers is an annual problem.
visceral lymphomatosis in fowls have been Mosquitoes, house flies, and other insects spread
treated with Phosphorus 32. both human and animal disease.
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In the United States alone, it has been esti- radiation is being developed to kill the pink

tmated that inse,'ts cause damage of over :3 l)ollworil ini cottoli seed whenl it is renio ed

billion dollars annually . Methods of control- front tihte fiber at the 'otrolo gill. Or)rdinarilv

ling destructive insects generally depend on part of such seed is used by growers for 1)nt ing

knowledge of the life history of the pest, to the following Year's crop. 'Thliis, if pink
find a Susceptil)he stagc in the life cycle of tile bollwornil, which thrives in both the std aind
insect which (anl be attacked with till appro- tile plant, is carted back to thle field for plaiting

priate control method. Radioisotopes are help- it can continue its damage to a nei crop.
ing in the search for better methods of control- Sources for such raudiat ion units nla be (lb t ainled
ling these destructive insects, from \walte fission produIet niiatlirials.

Despite tile destruction and annoyance
(ca-used )y most insects, many are useful. Insecticides
The perpetuation of many plants result.s
through fertilization by insects. Il addition The use of radioactive insecticides has been a
to the honey bee, the silkworm, and lac insects, rewarding approach to the study of absorption
useful insects include predators and parasites and distribution of the toxicants in insecticides,
which affect the balance of nature in a usually particularly the ones that are systemically taken
unnoticed fashion. Insects are useful also as into plants. Information is obtained on extent
experimental animals b)ecause of their snmall of coverage during application, duration, sys-
size. low cost of rearing and maintenance. temic action within the plant, uptake by the
and high rate of reproduction, insect, physiology within the insect, and other

factors. Carbon 14 in various organic comn-
Sterilization pounds has been most widely used in such

studies. Iodine 131, Sulfur 35, and other radio-
Scientists have utilized gamma rays from active isotopes have been used to a lesser extent.

radioisotopes to interfere with the reproduction Comparing the amount of insecticide ab-
cycles of certain insects. The method is based sorbed by resistant and nonresistant strains of
on sterilizing large l)opulations of male insects insects has helped to explain causes of resistance.

and releasing them with the knowledge that the Tracer studies in Oregon showed that a particu-
female mates only once a year and with a single lar type of mosquito larva with acquired resist-
male. The resulting eggs will not hatch, ance absorbed over six times as much DDT as
thereby reducing the population in the next the same variety with no acquired resistance.

generation. U. S. D)epartment of Agriculture Mortality of resistant larvae was 74 percent and
scientists, working with l)utch authorities oil of nonresistant larvae was 94 percent.
the Caribbean island of Curacao, have been Some of tie most important insecticides are
able by such met~hodls to nearly ,,liuiiiatet oeo h otipratisciie rsrew by fesc m hodse m gots neata -livte- also toxic to mammals. Sulfur 35-labeled para-screw w orm i flies, w h ose m naggo ts attack live- h o h a b e n u d to s d y t e ox c y of t i
stock. Similar action in the United States has thion has been used to study the toxicity of this
proved very effective. Losses to United States insecticide in rabbits. Phosphorus 32 has been

cattlemen from this pest are reported to total used in the study of parathion in cows and milk-

25 to :15 million dollars per year. ing goats.

The sterilization technique is useful only for In Iowa, work has been done on measurement
the control of insects with suitable mating of wireworm reactions to soil insecticides by
habits, anti cannot be applied to a number of tagging the insects with radioactive cobalt.

insect species. The technique has several unique and important

In another type of studv, scientists are applications to the study of soil-infesting insect
devising ways for combatting the pink boll- pests, and perhaps to other destructive insects
worm, which in 195:3 accounted for a $261,000,- such as storedl graini pests which cannot other-

000 loss to the United States cotton crop. wise be traced ill their movements without

E(quipnent utilizing radioisotopes as sources of dist urbing them.
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Migration and Hibernation frequenit both dlisease sources and human foods
and ar'e a provef, carrier of disease., their eX-

The use of radioactive isotopes to tag insects tendes dispersal range inceases their potentiad

for flight-range measurenments has been most health hazard.
helpful in the study of their habits of migration Cockroaches spraiyed with radiophosphorius
and hibernation. Phosphorus 32 and Stron- have demonlstrat,,d how the speices can ilvade
tium 89 are the radioisotopes most frequently homes, even passing through water traps in the
used. Study of the ratio of tagged to untagged plumbing. Sewer cockroaches were used in one
recaptured mosquitoes gives valuable clues to such experinment. The results showed that the
the productivity of breeding areas, and thereby insects, which are potential disease carriers,
aids in control activities, migrate as much as 200 feet when they become

Flies play an important part in the dissemi- overcrowded or when forced out of their colonies
nation of dysentery and typhoid, and possibly by backed-up sewage.
poliomyelitis. Information of fly movements
is essential, therefore, in planning field control Bee Culture
operations. Fluorescent dyes, colored dusts,
and chemical agents producing color reactions In bee culture studies in Wyoming, radio-
have been used in marking adult flies for dis- isotopes are being used to follow the spread of
persion studies. Certain mutant strains have honey bee diseases by carriers between colonies.
been employed in special cases. These methods Phosphorus 32 was fed in sugar syrup to a
require the inspection of individual insects, colony of honey bees located in the middle of a
The radioactive tracer technique has proved to row of colonies in an apiary. The drifting of
be a far more versatile, quick, and accurate bees from the marked colony to another colony
method for conducting these studies, was observed in relation to the spread of one of

Such studies established that the major po'- the brood diseases of bees, known as foulbrood.
tion of house fly dispersion in a community falls The drifting of tagged bees from the colony that
within 1 mile of the release point, although had consumed some of the radioactive sugar
movement can and does occur up to distances syrup was easily followed by using a geiger
of 2 to 7 miles. survey instrument in examining the other colo-

Radioisotope tracer studies also showed that nies. Radioactive phosphorus is also being
blow flies disperse more rapidly and to greater used in Louisiana to follow the feeding habits
distances than the house fly. Since blow flies of bees.



Physical and Chemical Research

It was through the efforts of physicists and active species. They are particularl- useful as
chemists that. isotopes were discovered and ''purified" nuclear species with which to per-
ultimately produced in useful quantities. These form nuclear reactions, and to determine
scientists soon found isotopes to be very im- spin, magnetic moment, and other nuclear
portant tools in many of their fundamental properties of interest to the pitysicist.
research problems. As tracers for physical and Stable isotopes have been of great help in the
chemical processes involving individual atoms discovery and identification of new radio-
and molecules, isotopes have, no equal. isotopes. Radioisotopes are discovered by

Isotopes represent one of the great extensions linding a new half-life ai•d energy of radiation
in man's ability to "see" and to "sort." At and then obtaining conclusive evidence that
first, things could be seen only with unaided the radiation comes froom a particular isotope
eves and sorted out only with hands. Next, of a particular element. In most cases, a stable
... ,ifying glasses and small tweezers were atomic nucleus hit by a nuclear particle is con-

Later, the microscope was invented to verted to a radioisotope of either the same ele-
uiler details and chemical and physicid itcilt or one of its very near neighbors on the

processes were developed to sort out various Periodic Chart. Chemical analysis of the
elements, compounds, and forms of life. As an target material then reveals which element is
"atomic" microscope, isotopes now take man radioactive, but not which isotope of that ele-
another great stride forward in perception. ment. However, if the physicist uses a single

Both radioactive and stable isotopes are or concentrated isotope to start with, he can

widely used in physics and chemistry. The usually determine which isotope was formed

statistical data on shipments of the two kinds, from it.
given in tables 1 and 4 of Appendix II, do not The bmarding partie st often use
adequately reflect the importance of stable cyclotron reactions is the stable deuteron, the
isotopes. Unlike the radioactive ones, which nucleus of double-weight hydrogen, or deu-

must be used while still "hot" aid, in most terium. It is obtainable, through the isotopes

instances, be replaced each time they are used, distribution program, as a gas or as heavy water,

the stable variety do not change with time. deuterium oxide. The radioactive nucleus of

Once obtained, they can be used over and over, triple-weight hydrogen, or tritium, is also

as long as they are not too diluted with other obtainable and used as a bombarding particle.

isotopes of their chemical element during the Alpha particles are obtained as the nuclei of

experimental procedures. helium atoms, while Helium 3 particles are
obtained from the decay of tritium.

Concentrated stable isotopes are frequently
PHYSICS used as target material for the production of

Nuclear physicists, in particular, have bene- relatively pure radioiso-opes in a nuclear

fited by ready availability of a large variety of reactor. Neutron irradiation of natural iron,
evaen for example, produces about equal activities of

stable and radioactive isotopes. Even though Iron 55 and Iron 59. Either of these can be
particle accelerators and neutron sources allow obtained almost free of the other by irradiating
the physicist to produce his own radioisotopes, iron enriched in Iron 54 or Iron 58, respectively.
a handy catalog of ready-made ones is extremely Peculiar characteristics are found among the
valuable. As byproducts of nuclear reactor hundreds of stable isotopes and some of these
operation they are available in quantities far have proved particularly valuable in pure form.
larger than could be produced in a cyclotron. Boron 10, for example, has an especially high

Concentrated stable isotopes have been even probability of capturing a slow neutron. When
more useful in nuclear research than the radio- capture occurs, B-10 converts into an alpha

45
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particle and a lithium nucleus, both with high u1m11 was confirmed, for example, a sample
velocity. This special property makes B-10 tnriched at Oak Ridge to 99.92 percent Indium
useful for measuring or counting neutrons. 115 was found to havenmore activity than normal
Slow neutrons usually pass through a geiger indium, thus definit,ly pointing to Indium 115
counter without being counted, but a coating as the radioactive isotope.
of Boron 10 in the counter absorbs a large The physicist, also, sometimes emplo. s radio-
proportion of them. The resulting particles isotopes as tracer atoms. Thicknesses down to
from the B-10 trip the counter. a trillionth of an inch are measured in a method

Concentrated stable isotopes have also proved for calibrating the shadow-casting technique.
useful in fundamental studies of the energy Specimens to be viewed in an electron micro-
states. or levels, of atoms and molecules. scope are frequently sprayed at an angle with
These particles, when excited, emit visible chromium or other heavy metal atoms so that
light, infrared and ultraviolet light, micro- "shadows" are formed which reveal varying
waves, or X-rays. All are the same kind of depths of the surface. Atoms are evaporated in
radiation, but differ in energy range. These vacuum from a heated metal, as indicated in
radiations are the energy released when the Figure 27. The resulting film must be thick
energy content of an atom or molecule shifts
to a lower, more stable level. The spectro- DETERMINATION OF DEPOSIT THICKNESS
scopist can determine the energy states from IN VACUU-I- FIIMIS
the emitted spectrum. uumu miwo

Pormerly, much of this work was indefinite
because the weight of an atom affects its internal Nc, 03-
energy to a small extent and quite decidedly

affects its vibrational energy in a molecule. cr+ Crl

In ordinary mercury, for example, seven differ- W

ent weights of atoms are always present and
give slightly different spectra which blur .,M CAPW

together. By using mercury in which the 0 wCUS
isotope Hg-202 has been electromagnetically
enriched from its natural relative abundance .SumiTO To IutuIrM Of AU KcU

of 30 percent to 98 percent or better, the .CAuUmS NusmImiu FUR cNmu
results become overwhelmingly those from one FIGUR 2T7.

kind of atom and are quite definite, enough to produce good shadows but not so
The wavelength of the red line in the spectrum thick as to blur details of the specimen. Thick-

of cadmium was long ago set as the international ness of film laid down in a given time at a par-
standard of length. Although quite precise for ticular place is determined by a test run with
most purposes, this standard suffers in being a radioactive metal. A standard area of this film
combination of slightly different lines from the is measured for radioactivity with a counter.
cadmium isotopes. Therefore, for still greater Solutions containing known weights of the same
precision in laboratory wavelength comparisons, labeled starting material are dried on identical
separated isotopes such as Cadmium 114, areas and are counted. Comparison of activ-
Copper 63, and Mercury 198 and 202 are used ities then gives the weight of film, for conversion
as spectrographic sources. Because mercury to film thickness.
is so easily used in a light source, its enriched
form as a practically pure isotope has been GENERAL CHEMISTRY
under consideration for possible replacement
of cadmium as a primary standard. The chemist plays a universal role in techni-

Electromagnetically separated isotopes have cal endeavor. His investigations into funda-
been frequently used in search for natural mental chemical phenomena such as those dis-
radioactivity among the supposedly stable iso- cussed here form the basis for further progress
topes. When natural beta radiation from indi- in such diverse fields as medicine, biology, agri-
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culture, and industry. Tile cause and cure of a strip of paper causes certain mohlcules to
disease, the action of drugs, the mode of action move with it, usually at a slower rate. Differ-
of fertilizer and insecticides, the study of cell cut compounds (molecules) move at different
biochemistry, and a host of industrial processes, rates, thus permitting separation of mixtures
all require fundamental knowledge provided by of compounds in the chromatogram. ldentifi-
the chemist. cation of tile separated compounds may then

Chemistry not only serves as the basis for a be made by comparison with known chromato-
number of the unique techniques associated with grams or by a combination of radiochernical and
the tracer method but also as the means by microchemical techniques. Two-dimensional
which tracer products are separated and iden- paper chromatography has been introduced into
uified. Indeed, the isotope tracer metho(d de- isotope work anti offers the advantage of a
pends very largely on chemistry. second order of separation. After one solvent

The isotope tracer technique derives its power has caused the products of an unknown mixture
from its great sensitivity and specificity. Sensi- to move along one dimension of the paper, the
tivity is primarily concerned with the detection chromatogram is rotated 90 degrees and a
and measurement of radioactivity and hence is .v"cond solvent is added so that the partially
not the primary responsibility of the chemist. separated products move in a second path at
Specificity, on the other hand, depends on care- a right, angle to the path of the original separa-
ful separation and identification procedures, tion. Autoradiography has been found to be
which are chemical techniques. Further, the a helpful adjunct to paper chromatography.
final radioactivity measurements in a tracer The isotope derivative method, like paper
experiment are only as significant as the precise- chromatography, finds widest application in
ness of the techniques used to separate and biological tracer studies. Briefly, it is a
identify the samples. method for determining organic compounds

The chemist has had to devise new methods from their isotopically labeled derivatives.
and adapt others to meet these strict separation To a mixture containing the compounds to be
and identification prerequisites. Those most analyzed is added an isotopically labeled
frequently used include ion exchange, chromato- reagent, under such conditions that the com-
graphic, and isotope derivaLive techniques. A pound in question is converted into a derivative
brief discussion of these techniques will illustrate of the reagent. The isotope derivative method
their versatility, becomes quantitative (1) when quantitative

Separation of ionized substances by ion ex- yields are obtained of the isotopic derivatives
change is probably the most adaptable method during the reaction with the isotopic reagent
at very low concentrations. Ion exchangers are as well as in subsequent isolations or (2) when
substances which are insoluble in solvents and a known amount of the compound being
aqueous solutions usually employed in the lab- determined is labeled with a second isotope
oratory, but which ionize in certain solvents, and introduced into the mixture. The recovery
Under proper chemical conditions, the "charged" of the second isotope in any pure isolated sample
exchanger is extremely selective in reacting of the isotopic derivative may be used to
with ionized substances in solution. After being correct both the lack of quantitative yield and
selectively absorbed, the separated substance recovery obtained with the derivative of the
(isotope) may be removed from the ion ex- original isotopic mixture.
changer. This is one of the few methods of For example, to determine glutamic acid in
separation which operates more efficiently when an amino acid mixture, one reacts the mixture
substances are present at very low concentra- with a certain radioiodine-labeled reagent,
tions than when they are present in appreciable adds a known amount of very pure radiosulfur-
amounts. labeled glutamic acid, and then separates the

Paper chromatography has proved a par- amino acids by chromatography. If the ratio
ticularly useful techmique since it permits of counts of radioiodine to radiosulfur is
separation and identification to be made in the determined in successive small strips over the
same operation. Movement of a solvent, along glutamic acid band, one ('an identify with



48 1SOTOPF-S--Y EAR •'SUMMARY

certainty anti measure the amount of glutamic and more stable surface during aging. The
acid in the original mixture. use of radioisotopes to measure quantitatively

Throughout the course of all tracer experi- the very small solubilities of many solids has
ments the isotope user must be continually proved valuable to analytical chemistrV.
aware of pitfalls. Potential pitfalls lie in each
of the seven criteria of tracer methodology, Surface Reactions
namely: radiochemical purity, single chemical
state, exchange error, degree to whieh the Surface phenomena involve special and coin-
tagged molecule remains intact, isotope effect, plex mechanisms for which radioisotopes fre-

chemical effects, and radiation effects. It is quently provide the chemist his only method of
primarily the responsibility of the chemist to study. Even as seemingly simple an action
see that such pitfalls do not invalidate the as corrosion is quite complex and much effort
results of tracer experiments, is being made to gain a better understanding

of it. The "passivity" or inertness to corrosion

PHYSICAL CHEMISTRY which is induced in iron by treatment with
chromate was studied, using Chromium 51-

Atom Exchange labeled chromate. An autoradiograph of the
surface showed concentrations of the chromium

Exchange of like atoms, between two different at areas where early corrosion had been ar-
chemical species in solution, occurs spontaneous- rested. Various theories have been proposed
ly and can be detected and measured only with to explain passivity and results of this test
isotopic tracers. It occurs, for example, in a were useful in supporting one of the theories.
solution containing two types of complex Radioisotopes are useful in studies of surface
cyanide molecules, each having an iron atom. reactions frequently encountered in industrial
The iron atoms exchange position between processes. In studying reactions involving sur-
the dissimilar molecules, while the number of faces of solids, powders, or colloids, determina-
molecules in each species remains unchanged. tion of the surface area is frequently important.

After labeling one Fpocies with radioiron No ordinary measuring technique reveals the
and allowing exchange to occur with the other surface of a powder but many methods have
species over a definite period of time, the two been devised for estimating these areas. The

are chemically separated and the radioactivity method using radioisotopes is generally in
is measured in the second species. Such agreement with others and is usually faster and
observations on the rate of exchange can shed more convenient. Rt involves selective transfer
much light upon the strengths of various (adsorption) of radioactive atoms from a solu-
chemical bonds. Strong bonds would prevent tion onto the surface and determination of the
substantial exchange. area from the number of atoms on the sum face.

Water flotation of mineral ores for separations

Aging of Precipitates in the mining industry is based on the adsorp-
tion of certain organic chemicals on the mineral

Alteration of chemical precipitates with time particle surfaces. Since the chemicals coat one

has also been studied with radioactive tracers. type of particle better than another, it is possi-

When a solid is precipitated from solution ble to make one kind float in a froth so that it
there are always a definite number of molecules can be skimmed off while the other sinks. By

which remain dissolved, depending on the using a radioactively tagged chemical and a
solubility of the precipitate. A newly formed counter, it is possible to determine the condi-

precipitate differs in character from an "aged" tions for and extent of adsorption on any par-

precipitate and the solubility often varies ticular mineral. The use of dodecyl amine for
with aging. Tracer studies have clearly demon- the flotation of quartz was studied in this way

strated what was long suspected, namely, that by using C-14-labeled amine. Economically

the precipitate spontaneously redissolves and important results were obtained on the fraction

reprecipitates (recrystallizes) to form a new of surface which had to be covered to achieve
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flotation and the gr'ais per tonl which gave Figure 28. In the procedure, a thin layer of
optimum results. radioactwie copper atoms is deposit ed oil a

Surface reactions are of great importance to copper block. The surface radioacti\vity is
the manufacturer and user of detergents and then found to decrease as surface atoms migirate
of laundry equipmlent. Adsorption on cloth into the block and the radioactive atoms among
fibers of both the soiling substances and minier- thein are replaced by inactive ones. Self-
als in hard water must be combatted by chein- diffusion in gases andtl liquids is usually sttidied
ical action of the detergent. Many tracer by introducing the tracer at the end of a long,
techniques with radioisotopes have been (devisetd thbin tube contain ing tihe material and mcasur-
for evaluating the efficiency of cleaning agents. ing the radioactivity along the tube.
Ih a typical test, swatches of cotton cloth werc lADIOACTIV ISOTOPES
cleaned with various detergents in wash and FOR STUDYING SOLD DIFFUSION
rinse waters containing calcium b)icarbonate
labeled with radiocalciuin. Little or no radio-
activity remaining oti the washed cloth indi-
cated high efficiencv in removing calcium ions METAL SPECIE SURC ACTIVITY
absorbed oil the surface. PLATED WIre ISOTOPE MEASURED

The soiling sub~stance also is frequently made
radioactive for testing the efficiency of deter-
gents or washing equipment and techniques. BAOACIVI ATONS OICIA&D

Fats, proteins, carbon, and clays have been DIFFUS INTO MInEIO ACTIVITY MEASURED

labeled for this purpose. Automatic washing ADVANTAGES:
machines are routinely tested in this wa~y- tb%-lt cwn•sl f•t•aAN FWU

ma~hnesareroutmcl teted n tis l~I -GIVES ACCURATE MEAURE OF RATE AND ARMOPNT OF DIFUSION
some firms. 2-OUKM MO 14REKLIABE TKAN OThER METhODS

Many important cheniical reactions can only s-otY MET" SPECIFIC 110 10" TO EAU SELF-DIFFUSON

be made to proceed on a commercial scale by FIGLrE 2.• .

means of catalysts. Adsorption, reactions, and Diffusion between dissimilar materials can
exchange on the catalyst surface are imporant be investigated in the same way. Such studies
factors in surface reactions. Information re- are particularly valuable in the case of metal
garding these factors can be obtained with tracer alloys, where the strength andi other character-
isotopes and may be of vital importance to an istics depend on the distribution of the unlike
industry. A tracer stndy of the Fischer-Tropsch atoms.
synthesis of gasoline and other important hy-
drocarbons from hydrogen and carbon monox- Vapor Pressure
ide is an example of such work. The superior sensitivity of radioisotope

measurement as an analytical method is shown
Diffusion in a method for measuring vapor pressure over

solid or liquid metals. With metals of high
Isotopic tracers are particularly useful for melting point, it takes hours or days to collect

identifying and following particular atoms or enough condensed vapor to allow accurate
molecules in a chemical or physical system. In weighing. By adding a radioactive tracer to
studies of gaseous, liquid, or solid self--diffusion the metal, as indicated in Figure 29, the deter-
there is virtually no other way to distinguish mination may be made in a few minutes.
the diffusing atoms or molecules from chem- In a typical study, Silver 110 is added to
ically identical neighbors in the surrounding melted silver. The vapor from the hot metal
material. Such studies are not only of funda- is allowed to stream through a pinhole in the
mental value in the understanding of molecular crucible lid and condense on a cold metal disk.
dynamics but are of potential use in many The activity collected in a certain time is
metallurgical and chemical processes. measured with a geiger counter, and from it thei

A tracer study of solid metal self-diffusion, amount of evaporated metal and the vapor
as affected by temperature, is illustrated in pressure are calculated.
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RAIIOACTIVI ISOTOPIS NMany imp)ortant materials such as plastics and
FO MtASUM VA• M Ptt 0 MOrFTs synthetic rubbers are produced in this wa.v

_e9itimrely by chemical meanis. Rupturing of
L10 7o-,ý) bonds to form new points of attachient for

additions to the chains can also be effected by
nuclear radiations. New nmaterials may be

~ N produced in this way that are not possible or

SOM practical with present meamis. Reactions which
,-1ACMa C I have been studied include the formation of

T*M Mum on Pun polymers of acrylates, styrene, and a.rvyloni-

trile.
ADVANTAGES: The initiation of cross-linking of long-chai||

I -T1111OO MOE ACCUIATE TIM• CIiI*UCM.AL 08 PSICAL 1(rTNOOS
2- EXPnRIkENAL TECIVIU$S NOT AWFCULT 08 TEDIOUS polymers is an effect of radiation receiving much

FIGURE '29. attention in research. Molecules of a thermo-
plastic material such as polyethylene have many

Thermodynamic Properties carbon-hydrogen bonds which can be broken
The great, sensitivity obtainable in radio- by radiation. A single high-energy particle
isothpe greating s sitivte o iemistn touseex- can produce this effect in thousands of mole-

isotope tracing allows the chemiste to use ex- cules. The open bonds then join permanently
tremely small quantities of material when he to those of adjoining chains. Cross-linking
finds this desirable. The thermodynamic prop- prevents easy sliding of the molecules and thus
erties of solutions, for example, are usually changes the melting point, solubility, strength,
extrapolated to their values at "infinite dilu- and other characteristics of the material.
tion" since they change significantly with con- Polyethylene, for example, melts to a thick

centration. The researcher can verify or study P "
liquid at about 700 C but retains its shape to

thermodynamic behavior in a quantitative 190°C after cross-linking.
manner at extreme dilutions by using radio- Halogenation reactions, in which chlorine,
active solutes. iodine, and other halogens are joined to other

chemicals to produce new compounds, are
often extremely slow but can be greatly speeded

Radioisotopes are not only valuable in study- up under ultraviolet light. The triggering
ing chemical reactions but also in causing them. energy can also be supplied by nuclear radia-
Radiation is able to cause chemical changes by tion. Oxidation reactions, also, make up a
producing ionized molecules or free radicals (de- large group of chemical processes. Modern
tached parts of molecules) which react in turn chemical theory assumes that in many oxida-
to form new molecules and, hence, new chemi- tion reactions there is a chain reaction of free
cals. Production of new or better products radicals in the presence of oxygen. Radiation
with radiation has great economic significance, is effective in producing free radicals as well as
and industrial potentialities are discussed in the ions and may lead to easy oxidation of materials
section on Industrial Uses. ordinarily difficult to oxidize by other means.

Chemical reactions best suited to activation
by nuclear radiation are those which are ORGANIC CHEMISTRY
"triggered" by penetrating particles, rather
than those depending upon radiation energy to The chemistry of carbon compounds, as this
carry on the reaction. Chemical processes branch of science is usually described, has bene-
based on this type of action can be classed as fited greatly from the isotope-labeled organic
polymerization, cross linking, halogenation, compounds now available. The older litera-
and oxidation. ture in this field proposed many different mecha-

Polymerization refers to chemical reactions nisms and theories for a single chemical reac-
in which many molecules are joined in a long tion. With no way to trace individual carbon
chain as one large molecule called a polymer. atoms, investigators were at a loss to resolve
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the differences between various proposed mecha- is, one which could disassociate to forimi elither
nisms and theories. Carbon 14 has provided the original reactants or, under favorable cir-
the key to understanding. Hlundreds of corn- ctmstanlees, the prodlc'ls. To investigate this
pounds have been labeled with this isotope problem, a MNlnschutkin reaction was perfornied
alone. wit Ii an isotopically labeled alkyl halide. Whlei

The Crossed Cainizaro reaction, for example, thle reaction was only partially complete, the
has been known for nearly 100 years. It other reactant, the tert ar\" anhine, was assayed
involves a reaction between all aromnlatic alle- for radioactivity. None of the isotopicall.\
hyde and formaldehyde. The fornmaldehyde labeled alkyl groups appeared in it. If a re-
is oxidized to formic acid and the aromatic versihle intermediate had lten formed, however.
aldehvde is reduced to a carblinol. To prepare in which the alkyl groups were spatially +equiva-
a carbinol isotopically labeled in the carbinol lent, labeled alkyl groups would have been
carbon atom, one might consider starting with found in the unreacted tertiaryv amine. Tils
the corresponding aromatic aldehyde labeled indicated either that the interrediate complex
with C-14 and performing a Crossed Cannizaro does not reform the reactants to an appreciable
reaction with formaldehyde. An effort to do extent or that the alkyl groups are not spatially
this came to nought, howe, or, because all the equivalent. Thus, through the use of radio-
radioactivity appeared in the formic acid, isotopes, evidenee was obtained which indicated
leaving a nonradioactive carbinol. Apparently, that a reaction which was thought to be reversi-
the formaldehyde carbon traded places with the ble actually proceeded onlY in one direction.
C-I1 )eled aldehyde group. Without the Although radioisotopes are extremely valuable
use hie radioisotope label, this mechhanism in kinetics, their use interposes an additional
would not have been discovered. factor, the isotope effect, in rate studies. This

In studying chemical reactions, once the mech- additional complication can be turned to ad-
anism is known, the next stage is to determine vantage, however. Two factors are involved
the kinetics of the reaction. Prior to the use of in changes in reaction rate resulting from iso-
isotopically labeled compounds it was not pos- topic substitution. One is the lower frequency
sible to study the kinetics of a reaction under of rupture of the critical bonds in the activated
equilibrium conditions. Data on the progress intermediate complex containing the heavier
of a reaction had to be obtained by chemical isotope. The other is the higher activation
analysis, requiring that a reaction proceed a energy for dissociation of the heavier molecule.
substantial degree in one direction so that In hydrolysis of an ester, for example, substi-
changes in concentration of reactants and prod- tuting C-14 for C-12 in the carbonyl carbon
ucts were great enough to be measured. Re- caused the molecule to r 'act somewhat more
action rates so far from equilibrium, however, slowly. This indicated that the rate-deter-
may not be the same at equilibrium. Isotopi- mining step involved breaking a bond to the
cally labeled reactants allow kinetic studies isotopic label.
under equilibrium conditions and provide the The rate-determining step in the decarboxyl-
kineticist with an extremely sensitive means of ation of an aliphatic acid could not be identified
measuring rates and determining the reversi- from available kinetic data. A study employ-
biitv of a reaction step. ing isotopic carbon, however, revealed a reaction

The Menschutkin reaction provides an illus- rate difference due to the isotope effect, thus
tration of the latter point. It involves the for- leading to the conclusion that the step in ques-
mation of a quaternary salt from an alkyl halide tion was the breaking of a carbon-carbon bond.
and a tertiary amine. A steric orientation in

the collision of the reactant molecules was Perhaps the most striking example of the

thought by many to be necessary to permit the chemist's important role can be found in his

formation of an activated intermediate complex contributions to unraveling the complicated
which could then dissociate to form the products. process of photosynthesis. Here we have one of
Other workers postulated the reversible forma- the most complex of natural phenomena, where
tion of an activated intermediate complex, that starting with carbon dioxide, water, and the
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energy of the sun, plants synthesize the corn- of each, throiigh lnechalaisnl studies he followed
plicated compounds upon which human life de- tile sytvithetic pmathwa.vs in the plant, and via
pends. The chemist, with his knowledge and kinetic studies he determined the reaction rates

techniques, spearheaded research in this field, and the nature of the bonds involved in the
With his tracer methods he determined the dif- various reactions. There was no phase of this
ferent compounds which are produced, b)y iso- problem which did not call upon the chemist's
tope dilution analysis lie measured the amounts talent.
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Industrial Uses

As the atomic energy program entered the year PENETRATION OF RADIATION
1950 there were approximately 100 industrial
firms exploring the uses of radioisotopes as new The ability of radiation to penetrate niatter

industrial tools. Today, nearly 1,200 industrial has led to the most extensive industrial Use of

firms comprise almost. 50 percent of all institu- radiosotopes. A part of the radiation is always

tions using radioactive materials. This recent stopped 1) the material being irradiated; the

striking growth has seen the use of atomic amount depends upon the type and energy of

energy, in the form of radioisotopes, pushed into thhe radiation being used and upon the( density
most major industrial fields. These uses have and thickness of the material and any flaws

created widespread interest among other firms which may be present.

which are hopeful that these same principles
may be adapted to solve -some of their own Radiography
particular problems. Industrial radiography is one of the large uses

Employee training is still the biggest bottle- of radiosotopes. Its principle is illustrated in
neck in wider industrial use of atomic energy. Figure :30. Radiography with ra(lium, of course,
However, a recent increase in number of train- is a comparatively old method for inspecting
ing courses, as noted in the section on training, metal castings and welds for possible flaws not
is rapidly improving this picture. otherwise detectable. Reactor-produced Co-

The recent, years of radioisotope distribution bait 60, Cesium 137, and Iridium 192 are now

have indeed witnessed a phenomenal growth in used in much the same wav as radium but are
industrial uses. Industry is no longer reluctantto rin thse alubletols ntoitsplats nd much cheaper and more effective. Cobalt 60
to bring these valuable tools into its plants and equivalent in radiation intensity to $20,000laboratories.

worth of radium can be purchased for aboutThe bibliography on applied industrial uses, $100. The radiation from Co-60O will penetrate

in Appendix V, CC, lists more than 200 papers thicker sections of steel than will the rays from

published within the past 3 years. Since in-

dustrial development usually involves "trade radium.

secrets" with patent potentialities and produc- RADIOACTIVE CODALT - Co60
tion advantages, this number of papers is note- FOR RADIOGRAPHY TESTING
worthy.

The nuclear principles involved in most in- F N CAST

dustrial applications are not profound. As a VALVE BODY

matter of fact some of these uses were conceived NTGAHCFL
toward the end of the last century when radium RADIOACTIVE SOURCE

anti X-ravs were first discovered. These po-
tential industrial uses spurred the early (develop-
ment of atomic energy and early uses of radi- DEVELOPED FILM
ation, SHOWS DEFECTS

Since there are hundreds of industrial uses of ADVANTAGES:
radioisotopes, the various applications are I - VERSATILE AND RELIABLE INSPECTION
broken down here into several types of use and[ 2- INSPECTION MADE WITHOUT DISMANTLING

t t3- SOURCES OF DESIRED SHAPE AND SIZE
a few representative examples of each type are 4- VERY HIGH ACTIVITY SOURCES AVAILABLE AT LOW COST
discussed. Fi(;•URE .'0.

53
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Thickness Gaging Density Gage

In another application of the radiation pene- In the transmission type of thickness gage
tration principle, the transmission-type thick- the amount of radiation picked up by the de-
hess gage is being used routinely on production tector is, of course, dependent upon the amount
lines to help produce more uniform paper, alumi- of material between it and the radioactive
nuni, copper, tin plate, plastics, rubber, glass, source. In such thickness measurements it is
and numerous other items. This continuous, assumed that the density of the material rt
noncontacting method of gaging is especially mains constant. Conversely, if the thickness
useful where products are moving rapidly, where or size of a material remains constant, the same
temperatures are high, and where products are gage may be used to measure density. Ex-
soft and may be easily marred. As illustrated amples of such an application are the monitor-
in Figure 31, the material whose thickness is to ing of the density of a process fluid flowing
be gaged is passed between a source of radiation through a pipe or the moisture content of sand
and a radiation detector which is connected to or other material.
an amplifier and recording device. In many A recent and interesting variation of the ra-

dioactive density gage is being used to deter-cases, the signal caused by the radiation trans- mine the hydrogen-to-carbon ratio in an
mitted through the material is used to make analysis of hydrocarbon compounds, including
automatic corrections in the production process. fuels. The principle, illustrated in Figure 32,

involves the difference in beta-ray absorption
RADIOACTIVI SOURCI caused by variations in electron density, this

FOR &A4IN& THICKNESS density in turn depending upon the hydrogen-

UlTRA IOU to-carbon ratio. The commercially available
RADIATION •OLLER SETTINGS device is expected to be particularly useful in"U wconducting various fuel tests, but should have

om. other applications as a quick check on the
constitution of certain organic products.

DIRLLIO HI YDPO6EN-CA12BON RATIO GAGE
OF TRAVEL £ Ta USINMi BETA RAY SOURCe

V RADIOACTIVI
ASOURICEADVANTAGES; SPECIFIC

I-AAGE ATlON SOURCE SELECTED TO SUIT MATERIAL GRAVITY

2-NO CONTACT - NO TEARING - NO MARKINX MATERIAL BETA RAY BALANCE

$-RAPID AND AELIADLE /DETECTORS

FIGURE 31. DTcTR

Nuclear gages have taken many interesting
and ingenious forms. To control ink distribu-
tion during lithographic printing, for example, SAMPLE
a special built-in thickness gage was developed IXED /*OVA BLW EABSORBER -WEDGE
in which the inking rollers, themsc'.ves, serve
as radiation sources. A small amount of the ["-NULL DETECTOR
low-energy beta emitter Nickel 63 was electro-
plated on the rollers and "flashed" with a thin FIGURE 32.

protective layer of copper. Detectors near the An excellent example of how a radioisotope
rollers recorded the beta particles penetrating can be adapted to a high-speed packaging
the 4- to 6-micron thicknesses of ink. By this problem is illustrated by a recent development
means, ink film thicknesses were determined on in the cigarette industry. Over the past years
all rollers under dynamic conditions. this industry has expended considerable effort
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to improve production quality control with With Strontium 90 in one side of a two-pronged
respect to cigarette weight. The average device and a radiation detector in the other,
weight of a cigarette is an important factor in changes in silt density between them affected
cigarette quality. A light-weight cigarette the transmission of X-rays sufficiently for
burns both fast and hot, whereas cigarettes accurate measurement.
that contain more tobacco than necessary are
hard to draw through and are costly since Liquid-Level Gage
tobacco represents about 90 percent of the
production cost. A density gage, in Figure 33, The radioactive liquid-level gage is similarly
using Strontium 90 as the source, permitted based on measuring the change in intensity of
automatic adjustment of tobacco feed and a beam of radiation from a fixed source. As
contributed to uniformity of product. shown in Figure 35, the source is sometimes

mounted on one side of the tank or vesselGAUGING CIGAIETTE FIRMNESS containing the liquid and the radiation detec-
WITS U POIES tor on the other side. When the liquid rises
CIGAffRETE RUCTRIMC

IMM' cnADIOACTIVE COBALT - Co60
FOR INDICATING UQWD HEIGNT

CAI•I TO WJW OF ¢OwM AND

CINI1U SHIALMn C960

AVAINTAGES: I-MOM I110" FMUMS
2-SAW TOUWCO
3-IUu.AIME MJAL CouMOL ADVANTAGES:

I- GAGE NOT AFFECTED NY COhROSION AND TENIUERATURE
Flot2RE 33. 2-CAN SE OPERATED IN NON-TECHNICAL 1ERS"W.EL

3- ADAPTABLE To AUITOMATIC RECOINGS AND CONTROL OF UM LUEL
Radioisotopes have been used to solve the FIGURE 35.

problem of measuring silt at the bottom of
large bodies of impounded water. As illus- to a certain level, it cuts off or reduces the
trated in Figure 34 a density gage was developed beam. This particular adaptation has, for ex-
which utilizes low-energy bremsstrahlung radi- ample, been found advantageous in measuringation, the X-rays caused by beta ray emitters, the height of molten metal in a cupola, since

problems of corrosion and heat damage can be
11REMSSTIAUNUNG GAUGE eliminated.

*WRIU SIT SiliY REFLECTION OF RADIATION

When a beam of radiation is directed toward
a material, some of the radiation is reflected.
The amount depends upon the type and energy

2 - of radiation and upon the composition, density,I'-a n and thickness of the material.

n .. Reflection Thickness Gage

AWANTAGES: -Mu ACCUT Radiation reflection is serving a useful indus-
2-musUEm uslLy mS qwry an( trial purpose in the accurate measurement of
3- wuus LuC€OcU SMMus thickness of coatings laid over a base metal.

FIGURE 34. For example, it is possible to measure the thick-
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hess of gold plated over copper or rubl)er over selection of suitable sites for aircraft runways,
steel. Tile reflection-type thickness gage is highway roadbeds, and liydroclectric dams.
illustrated in Figure 36. Each apparatus uses a radioactive source, a

radiation detector, ani anl electronic recorder.
IAD IOACTIVIE SOUICI The source and detector are housed in a probe

FOR 2IIFUCTIOII (ACKSCATTERING) TEICKIISS GAG1 which call be lowered thlrough a oiie-iiicih diain-
eter steel tube driven into tile ground. The Soil

S ...... GAGE density probe utilizes a Cobalt-6(0 source ill-
-- serteci in tilie tip) of tile probe. Gamima rays

S -• o from the cobalt bomnbard the soil surrounding
MdIL 0f "Of the tube and are scattered b)% it. Some return

to the geiger counter which is mounted in the
CGAT- G top of the probe and shielded against direct

ADVANTAGES: radiation from the Cobalt 60. The amount of

I-CAN MEASURE THICKNESS OF COATIN ANID/O0R MATERIAL reflected radiation can be translated directly
2-MEASUREMENT MR FROM ONE ACCESSIBLE SIDE into soil density in pounds per cubic foot.
3-CAN MEASURE A YMETY OF MATEMRALS WITH ONE CAIATION The soil-moisture probe utilizes a neutron

FIGWURE 3(. source activated either by alpha or gamma rays.

Neutrons are strongly affected by the hydrogen
In this technique the beta particles, or clec- atoms in soil moisture. When fast neutrons

trons, from a radioisotope strike the base metal strike hydrogen atoms theyN are slowed down and
and the intensity of tie reflected beam is after several such collisions some are reflected
measured. The metal is then coated with a back to the vicinity of the probe. The top of
different material (either metal or nonmetal), the probe contains a geiger counter surrounded
and the reflected radiation is again measured. by a silver foil and shielded against direct
The change in reflection is proportional to the radiation from the neutron source. When a
thickness of the coating, up to a certain limiting reflected slow neutron strikes the foil, a short-
value, and can be measured directly in micro- lived radioisotope of silver is formed. The
inches. Variations in coating thickness can be radiation from this rapidly decaying radioisotope
measured with good accuracy in most cases, and is measured by the counter, which is insensitive
automatic adjustments can be made without to the neutrons themselves, and can be trans-
stopping or cutting the sheet of moving stock. lated directly into moisture content of the soil.

The cost for the radioisotope included in such The principle of the soil-density and moisture
a gage is quite small, usually below $50. The gage is illustrated in Figure 37.
associated electronic equipment is more expen-
sive and may amount to several hundred dollars. " K., 44 4it

The applicability of the radioactive thickness AN INDUSTRIAL USO A*DII••o0TOES

gage is attested to by the number and variety of IN ROAD BUILDINJO

industries using them. A number of companies
that started out initially with one gage in one
plant now have many similar installations in (GIVoS oWTs OF SOIL) (ONES MOISTURE CWNT W)

other plants. A TGAMMA• IDWED NEUTRON

SOURCE, SOURCE

Soil Moisture and Density Gage a

Soil-density and soil-moisture gages for use.
in the field are other industrial applications of
the radiation reflection principle. These gages I-oDATA OSTAINEO wrToOUT MOVING SOIL

eliminate tie (lelavs incident to laboratory 2-LOMMA.-UR DETECTOR MESURS DEstUNSIT

der-Saowtons TeTR have Sbenseows MOtSeUPLEdeterminations. They have b~een used ill the1',•-• °7
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LUMINESCENCE import ant muilit'arY applications. Rout ine ap-
plications include Such uses as ilhuiliniating

The ability of radiation to cause certain dials and clocks andl providing photometric light.
materials to emit light, or to luminesce, is at standards.
long-knowvn and long-usedl principle. As at A number of companies have Investigated
matter of fact, the science of radlioactivity is it the possib~ility of using reactor-produced mater-
direct outgrowth of early interest in lumin- ials in place of naturally occurring radlium and(
escence. Before the turn of the century, polonium in the manufactunre of luminescent
Jean Poinear6 post ulatedl an intimaste (onnhec- materials. Reactor-produced radijoisot opes of-
tion between luminescence and the new X-rays fers several adlvantages: first, pure bet a-ray
found by Roentgen andl the m 'Asterious emnana- emitters reduce the health hazards involved;
tions from uranium found by- Becquerel. second, reactor-produced isotopes are usually

Luminescence is now a well-developed easier to wvork with; and third, b~eta radiation
science with Man) 'vPromises for the futiture, has, been found to cause less deterioration than
Mani- special comipound(s emit at Varict v of thme alpha particles of natural radioisotopes,
light rays when struck bY atonmic particles, leading to a more constant level of light out put
These self-luminous markers can be invaluable and longer life. Luminescence as anl industrial
ill emergencY situations and have vitally use of radioisotopes is illustrated in Figure :i8.

INDUSTMQAL USE OF RADIOISOTOPES

ONE ECHAISMPADIQI SOTOPE
ONE ECHAISMACTIVATED MARKEPS

BETA PARTICLE

STRONTIUM -90 LUMINJESCENT CENTER
(Zn S: Cd)

SETA SOURCES CAUSE LESS PHOSPHOR DETERIOR~ATION TW4AN
ALPH4A-HAVE LONGER USEFUL LIFE AND LOWER EXTERNAL
RADIATION LEVEL - MULTIPLE COMBINATIONS ARE POSSIBLE.

FwITR 38.
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IONIZATION plastics have already been made in research
operations.

The ability of atomic radiation to ionize most The possibility of producing crosslinked,
of the materials it strikes can be put to many degraded, and formed materials under accur-
beneficial industrial uses. For example, static ately controlled conditions by a purely physical
electricity in industry is a menacing problem process has valuable commercial possibilities.
to production and personnel and occurs quite These will depend on the cost of irradiation,
generally whenever products manufactured the enhanced value of the material, and the
possess insulating properties. Through their comparative cost of competitive chemical
ability to ionize the air at selected points along processes if they are available.
the moving stock and thus "ground" the static
electricity, radioisotopes help to meet this ."1
problem. AN&YIb a u a•

AN

C2) ov~Ajyt~,,INDIJCTRIAL UGE OF QADtoisomOPE

INDUSTPIAL USE OF PADIOISOTOPES C - LIW1D

WYO.O.GN

RADIOISOTOPE NITINVI

+-
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TAlI'C IIMINATrOR RADIATION PARTIALLY PRE- 2-IEiIM WO MAT OR ADOMTION OF FO9EI94 ATOMS
SIONIZES GAS CIVING DEPEND- S -OSI* OF CUOM-LINKINi CAN I6 CAREFUL.LV CoWQa
ABLE FIRI3N CRARACTERISTICS 4 ~ANY NEW PLASTICS CAN B SYNTNESIZED

RADIATION PRE-IONIZS
AIM PROVIOING exiT FbIGRE 40.
PAT F1 STATIC 39. As previously noted, irradiation increases

the incting point of pol3ethylene from 70'
The electron tube industry also is profiting to 190m centigrade. Irradiated polyethylene

from the ionizing ability of radioisotopes. A drug bottles and other contaiat ersd can be
small amount of radioactivity inside certain sterilized withouts harm.
specialized tubes keeps the gases in a partial Activation of chemical reactions as an
state of ionization, allowing more dependable industrial use of radioisotopes is illustrated in

operation of the tubes. The use of radioiso- Figure 40.
topes as stabilizing agents for spark gaps in STERILIZATION
ignition systems is also being developed.

Ionization as an industrial use of radioiso- Gamma radiation in large enough doses can
topes is illustrated in Figure 39. destroy bacteria and enzymes in a material

without raising its temperature significantly.
ACTIVATION OF CHEMICAL Many papers have been written since 1920 con-

REACTIONS cerning the effects of ioni2ing radiation on all
types of organisms. The recent availability of

Activation of chemical reactions is another large sources of radiat ion from reactors has caused
industrial use of atomic energy that holds many extensive interest in radiation sterilization.
possibilities. It has already been demonstrated The absence of high temperatures is quite
that beneficial chemical and physical reactions necessary in the processing of many items such
may occur when certain materials are subjected as antibiotics and certain other drugs. Large-
to the proper amount of radiation. Many Pew scale sterilization or pasteurization of perishable
compounds and, especially, some superior food stuffs such as meats, bananas, potatoes.
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and beverages holds interesting possibilities. military, are actively engaged in radiation
Indeed, cold radiation sterilization has great processing research. The activities of these
potential importance. many groups are being coordinated in the

The success of radiation sterilization and Quartermaster Food and Container Institute
pasteurization will be determined 1)y the Radiation Sterilization Program. Many believe
enhanced value of products treated. If the that this research will lead to the changing of
irradiation process results in improved or food containers, preparation and processing
longer lasting products, radiation treatment of methods, and distribution and marketing prac-
many present dayit ems should become profit able. tices of food products.

In the drug industry, radiation sterili-ation Sterilization or pasteurization of foods by
presents fewer problems. Side effects such as irradiation presents several problems as well
occur in many foods, are usually not important. as many promising aspects. Irradiation of some
It may be possible to utilize this type of steril- foods may cause changes in texture, color, taste,
ization in many pharmaceutical processes. odor, or nutritional value. Intensive research

Radiation sterilization offers the first promis- is now being done to learn why unwanted
ing new principle of food sterilization since changes occur and to devise ways to reduce or
Nicholas Appert discovered the art of canning prevent them.
in 1809. Today, more than 40 institutions, Irradiation of potatoes to delay sprouting
including food industries, universities, research and rotting is now being studied. Routine
institutions, government laboratories, and the pasteurization of meats and beverages may be

INDUSTJrIAL USE OF rIADIOISOTOPeS
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IRR4ADIATIOM OF POTATOES
IMPROVES STORAGE" QUALITY

t -,

FIGURE 42.

feasible within a few years. In these applica- Similarly, beta rays ejected from an insulated
tions, a comparatively small amount of radia- radioactive source leave it with a positive
tion extends the shelf life without causing the charge; this is the principle of the Moseley
undesirable effects mentioned above, generator developed in 1913. The useful indus-

The principle of cold sterilization is illustrated trial application of this principle has been
inFigure41. Irradiated potatoes with improved realized in the development of one type of
storage quality are shown in Figure 42. atomic battery. This high-potential, low-

current battery is illustrated in Figure 43.
VOLTAGE PRODUCTION Another battery takes advantage of the ion

multiplication principle to produce electricity

There are several methods for direct produc- from radioisotopes. The electricity is generated
tion of electricity from the energy released in by the high-energy beta particles emitted from
the decay of radioactive atoms. This energy is Strontium 90. These high-energy electrons are
extremely minute compared with that from used to bombard a pea-sized silicon P-N
power reactors, but can be used for certain junction, the merging of two specialized types
special applications requiring tiny amounts of of silicon. The P-N junction, in turn, releases
power. The first of these methods utilizes a about 200,000 slow-moving electrons for each
basic principle of physics. When a piece of dry high-speed electron striking it. About one-
plastic or hard rubber is stroked with a wool millionth of a volt, is produced, strong enough
cloth, for example, the cloth sweeps off decc- to cause an audible signal in a telephone
trons from the surface of the dielectric material receiver. The batter*v is about the size of a
and leaves it with a positive charge. The wool thimble and has a life, expectancy of more
cloth, of course, holds the negative charge. than 20 years.
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used to study tile wear of piston rings. Today,
conventional piston rings are made radioactive

INDUSTRIAL USE OF RADIOISOTOPES by subjecting them to neutron bombar(hnent in
ANQON reactors.

SPIA MEICL In such a bombardment, only one atom of
XEMI. INNI.S iron in approximately one billion is converted

Sfrom stable Iron 58 to radioactive Iron 59.
The radioactive ring is fitted to the piston, using

IW 1,EA , -O•., proper shielding and monitoring techniques.
010t.•. •me" a The engine is assembled, tile lubricating oil is

CKARACTIMlSTICS: added, and the motor is started. RadioactiveI - MAXIMUM WL•TAW• UPD TO 7 kv
2- 6M3%EFFI-CINT iron atoms are worn off the ring along with

3- ap0, f AT ZERO .LTME F•OQ onic S9rQ others and are easily detected in the oil. The
4- LO6 USEFUL LIFE UMO9R. KXTRQM1 CONOITIONS

3 - SOALL - L16NT - INEXPENSIVE sensitivity of the radioisotope method is so high
FIGURE 43. that the wear of the ring can be detected in the

first few minutes of running time.
Another very recent development has re- The first such experiments were made pri-

suited in an atomic battery which uses a series marily to determine engine wear as a function
of thermocouples to convert the heat from the of the type of lubricating oil used, and have led
decay of a radioisotope into electricity. The to the production of oils that stand up better
battery in its present form contains several under severe operating conditions. It should
curies of Polonium 210 sealed in a small cap- be noted that it is not necessary to dismantle
sule. The polonium is in contactv with the hot the engine to make the measurements. Both
junction of 40 thermocouples while the cold the rate and total wear can be measured readily.
junction is located outside the container. The One company conducting such a study has in-
temperature difference of about 450' F. thus
produced between the hot and cold junctions dicated it was able to find out in 4 years for
causes a current to flow through the device. $35,000 what would have required 60 years and

cost $1 million by older methods. Figure 44
This first model was found to be 0.2 percent
efficient in transforming the energy from atomic illustrates this application of tracing atoms as

decay into electricity, an industrial use of radioisotopes.
A fourth type of atomic battery utilizes a

radioactive source to ionize the filling gas be-
tween two electrodes of dissimilar metallic RADIOACI1 110N - 159
properties. Still another utilizes a radioisotope- ICION0AND IION - TUIES

activated luminescent source to energize a
photoelectric cell, thus producing a small
electric current.

TRACING ATOMS

Tracing atoms is perhaps the most important RADIOACTIVE

industrial use of radioisotopes. A few ex- PISTON KING

amples of the many ways in which the tracer SA- MEASURED

principle is being used should illustrate its 101 F*$$ CONTENT

importance. LUIRICATING
OIL SAMPLED

ADVANTAGES.
Wear Studies I - TRANSFER OF METAL MEASURED TO ingwww OUNCE

2- OIL SAMPLED DURING OPERATION OF MOTOR

Prior to World War II cyclotron-produced 3 - RAPID - SIMPLE - ECONOMICAL

Phosphorus 32, added to the metal mix, was FIGURE 44.

342334-55.---5
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Tracing Catalyst Circulation eries for routine plant control. A chart in the
control room keeps a continuous record of the

One of the simplest and most practical 'x- flow and circulation of the catalyst. This appli-
amples of the use of radiation to trace material cationof tracingatoms is illustrated in Figure 45.
is the determination of catalyst circulation in a
catalytic cracking refinery. The catalyst, in
the form of small porous beads, passes slowly Petroleum Product Flow
down through the cracker, then to a furnace In another application in the petroleum indus-
where the accumulated carbon is burned off, try anothe s appliceti o mr the inter-
and finally back to the top of the cracker. The try, radioisotopes are used to mark thle inter-l eficincyof hisconinuos oeraionis ery face or boundary between two different petro-
efficiency of this continuous operation is very leurm products flowing through an overland pipe-
dependent upon the rate of catalyst circulation, line. As illustrated in Figure 46 the location of
but it is extremely difficult to measure and thus the interface must be known in order to route
to control this rate. Until recently it was de- different products to different take-off points
termined by measuring temperature surges at and terminals along the line. The exactness
various points in the cracker, even though this wh i t hemin terface cane Te etersmethd rquird 2mandaysanddid ot ive with which tihe interface can be located deter-
method required 2 man-days and did not give mines the volume of product which must be

Theendabtopesutech u nconsidered as waste to assure that two unlikeThe isotopes technique now used for measur-

ing the rate of catalyst circulation depends on grades will not be mixed in the consumer

impregnating a half-dozen or so of the few bil- product.

lion beads with radioactive zirconium, and RADIOACTIVI ISOTOPES
noting the time required for a radiactive bead FOR TRACING OIL FLOW IN PIPE LINES

to pass between two rings of counters fastened
SORT IVDylat each end of a pipe between the gas lift and Io. ,. OISOOn SCtIN no IIADDEDSOTOP [No) Of 0 M INIcracker. By knowing the weight of the cata- O ONE _C n•E

lyst in the pipe between the two points and the
time interval between the two peak radiation

readings, the operator can quickly calculate the .'• *
catalyst circulation rate in tons per hour. C41101 \AADOISOTIh A

y MUKS SICTIO01 010.

In its first application, this one simple test 0, OF AUM-Y

procedure eliminated the necessity for a $100,- ADVANTAGES:
000 shutdown of a refinery. Today, this radio- I - RADIOACTIVE "MARKER' CAN BE TRACED OVEN LONG DISTANCE

2- "MARKER" SPREADS TO ONLY SMALL OIL VOLUMEisotope procedure is used in a number of refin- 3- PERMITS SEARATION Of CRUos WITH MINIMUM OF LOSS

4- METHOO OIICK AND RIOUIRES NO SAMPLING
CONTROL OF CATALYST FLOW RATE FIGURE 46.

IIS'IN

RUIOACTMI lMS The radioisotope method is based on injecting

" into the line a small amount. of radioactive ma-
terial just at the interface as a different product,

am us is added. Geiger counters detect and record
the passage of radioactivity in the interface at

111 lfa FOR ''. various points along the line. The isotope tech-
To M Kni comar CUIAC3 nique, which is now being used by a number ofm~ins / U .. : petroleum companies, has made it possible to

no reduce the volume of waste product at the final
take-off point by one-third as compared to

ADVANTAGES: other methods for determining the location of

1--1111ME IINA1NOUIF IN I RAOM VWthe interface. The isotope technique has also
I-NO n1lmRI K M proved helpful in determining the degree of
2-PISISE AUVTATIC AJNT oF rOW RAT mixing of various products as they pass through

FIGURE 45. t he pipeline.
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Further, the technique has been used as a A high radiation reading, therefore, means that
safety feature to start pumps operating auto- thie acid has reached the level at which the treat-
matically as the interface approaches, and there- ment should be made. At this time, pressure
by avoid the possibility of different products, is applied to the system to force acid into the
say gasoline and stove oil, becoming mixed strata, while more acid is added to maintain the
because of holdup in an idle pump. proper depth.

Oil Well Acidizing Leak Location

Still another tracer application of particular Somewhat related to flow indication and also
interest and economic significance to the petro- to a test procedure is the use of radioisotope
leum industry is the use of radioisotopes in oil markers or tracers in leak detection. Perhaps
well acidizing. To increase the output of cer- the simplest application is the use of radio-
tain oil-bearing strata it is often necessary to sodium or radioiodine in detecting leaks in
increase the porosity of the strata with an acid water lines.
treatment. In the past an undesirable feature In this case a small quantity of the radioiso-
of the process was the necessity for removing tope is introduced into the line and the path of
the tubing through which the acid was intro- its radiation followed until it reaches the spot
duced before the control instruments could be where the radiation reading drops off. In a
used. This involved the hoisting and complete number of instances these tests have made it
disjointing of as much as 10,000 feet of 2-inch possible to find and repair leaks in buildings
pipe sections, a costly and hazardous operation. with a minimum disruption of the structure.

The radioisotope technique which is less haz- Furthermore, the test gives quick and reliable
ardous, less costly and much quicker, is illus- results where other techniques fail. This indus-
trated in Figure 47. The technique is based trial use of radioisotopes is iliustrated in
on suspending in the pipe at the desired depth Figure 48.
of acid treatment a radiation detector such as
a geiger counter and adding a small quantity of RADIOACTIVE IODINE - 1131

radioactive material to the acid being used. As FOE 91=i6s rEAS IM urS u M

the acid containing the radioisotope passes down FM RANWIWNITT 1UMD

through the pipe, there is, of course, a response IOM W" .1 wUa" OF

as it goes by the counter, but this response is v--'

not as great as when the labeled acid has filled
the well to the height of the suspended detector.

RADIOACTIVE ISOTOPES
FOR COITOL Of OIL WILL ACIIIZING '.C-W

TO RADIAM ACID FUND ADVANTAGES:
I NOT NECESSARY TO REMOVE FLOODS
2- LESM COSTLY ANN AOim COmVEiEN

a I 185 5121 NWALF- LIFE -- NO SESIDUAL ACTIVITY

1-F IPE "me ownFIGURE -48.

S -- Tracing Pirate Colors

OIL 19AR SING S-oI tJ Radioisotopes have been used as a "moving

ADVANTAGES: - marker" to trace pirate colors. They provide
I- PERMITS CONTROLLING SITE Of ACID ACTION a means of preventing what is called color
2 -INCREASES EFFICIENCY Of OIL PROOIf0 ON soiling in multicolor textile printing operations.
3- LESS naTE AN D O This occurs whenever one color is carried for-
4 F-ULESS 4.AZAIDOU TtAb frnMOVeInG PIPrFIGuRE 47. ward by the fab~ric from one' printing roller to the
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next, and may jeopardize tile sale of many long-lived radioactive ink can be reproduced as
hundreds of yards of valuable fabric. many times as desired simply by placing it in

Any color is in danger of being contaminated contact with photographic paper and then devel-
by the preceding colors- especially by the oping tie image. An isotope emitting low-
immediately preceding one. It is not always energy beta particles, such as Nickel 63,
possible to arrange the color sequence for print- produces clear, sharp reproductions. Oin the
ing such that the most sensitive colors are other hand, a softened, diffused effect is obtained
applied first. Frequent replacing of (lye solu- with the high-energy beta particles of Phos-
tions is costly; hence, constant efforts must be phorus 32, which can reach the photographic
made to prevent or reduce color contamination, emulsion at an ap)preciable distance. Tones

Many solutions to the problem were tried from light gray to black are obtained by
in the past but without practical success. repeate(d applications of the ink or with inks of
However, radioisotopes now offer the ideal solu- different radioactive concentration.
tion since the offending or so-called pirate color
can be labeled with radioactivity and its gradual ELECTR011 PRINTING
invasion of a sensitive color dye box carefully WON UWSWM
and continuously monitored

It is not necessary to synthesize a costly
radioactive dye for this use. A few miflicures/•M0i*U,
of P-32 as soluble phosphate are added to the UMM
(lye bath in question. Dip counters, as shownOM M Pn

in Figure 49, are used to establish the initial 0 proM

specific activity of the pirate color and other (lip WS1T MAIM MM PA m aSm, am
counters continuously record the level of 'on- uNCucmi i

tamination in dye boxes further down the
production line. AWIANTACES: I-INKU MIRY Kum cM

3-TUS• 11MUIn ISMOMM•PII

DETECTION OF DYE MIGUTION 4-4M A, CIJ TM UI M
IIITII F mIG'U R ;-).

WIOACTNV= PlOSPllIVUS - P32
Other Tracer Applications

,The radioisotope technique has also been used
for measuring the wear of gears, the contact
wear of distributor points, and the wear of tire

.M'IUTI'€0L01 AW PuospIE Pll tread as a function of vehicle velocity. Similar
P2INTING MACNINI TO lYMUOM techniques have been used for measuring tile

"wear and life of machine cutting tools, for
I<r't Box studying carb)on brush wear (luring commuta-

tion of a direct-current motor, and for deter-
mining the wear of floor waxes.

The radioisotope technique is also adaptable
CMEM C@CUC € US to the study of wear caused by corrosion rather

oa an""T "M COTE 0L" than by friction. For example, radiosulfur has
LB BY 4 9.U COMM)een used to study the corrosion of gas-fired
FIGrURE 49.

thermoelectric generators, raoniosodium has been

Electron Printing used to test the corrosion of refractories sey
molten glass, and rariocobalt has been used in

A recently theveloped application of radio- determinig the wear of fire brick in tiee lining
isotopes in tie field of fine arts may have of blast furnaces.
industrial significance. As shown in Figure 50 Space does not, permit listing adlditional
a picture painted or printed with suffieiently applications. However, the use of radioisotopes
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in most tracing problems is a' "natural" and Samphles for measureennt are usually plawed
awaits only the application of the teclmique directlv into lie couniter gas or scilitillation
to tile problem at hand. fluid.

Nature has herself sliowit how useful radio-
isotopes c-anl be. For example, it is possible to

FUTURE INDUSTRIAL ASPECTS distinguish receitlv living wood from wood long
Sch od t ari o dead by means of tile radiocarbon p)roduced

"Lholre cany key 0o Uoube that rdtioisotopes th irough the action of cosmiic rays on nitrogemn in
hold many keys to present-day industrial prob- the air. Organic chemicals derived from living
leas. Many believe that radioactivity and the materials caln be (listinguished from thosV de-
capabilities of the industrial atom will soon be rived from coal and oil. It a similar way,
as familiar to industrialists as electricity is rainwater can be distinguished from ground-
today. water by tihe radioactivity of nat urally oe.curring

Recent developments in low-level radiation radiohydrogen, or tritium.
eounting (counting just above the normal radia- Many tons of naturally occurring radiocarbon
tion level in nature) hold considerable promise are distributed throughout the worll in, soil,
for industrial use of radioisotopes. Using these atmosplhere, water, etc. Growing things absorb
very sensitive methods, tracer tests could be anl use the radioisotope along with stable
(lone during actual processing in an industrial carbon. At deathi, absorption stops. Using
plant and the products reaching the general the decay of naturally occurring radioisotopes
public would contain such small amounts of as timing devices, ages of things long (lead can
radioactivity above the natural level that their be accurately determined.
handling and use would be completely safe. Low-level counting has not been explored to a

Special electronic circuits that cancel out the great extent by industry. Techniques for
natural radiation background permit easy measurements at these levels are well kiiown,
measurement of harmless levels of radioactivity. however, and need only industrial development.



Available Materials and Services

RADIOISOTOPES Mound Laboratory, and National Reactor Test-
ing Station. Brookhaven's program for de-

Basic radioactive products available from velopment of production methods resulted in

Commission facilities: such additions to the list of available radio-

1. Unprocessed irradiated materials isotopes and services as Iodine 132, Fluorine 18

(a) Service irradiations of targets fur- and special irradiations. Argonne has added

nished by the applicant, the CP-5 reactor to the program, increasing the

(b) Routinely irradiated batches or variety of special irradiations. Objects up to
"units." 15%2X15MX60 inches, for example, can be

2. Chemically processed radioisotopes accommodated, and pneumatic "rabbits" can

(a) From target materials, carry small samples through a flux of 2 X1013

(b) From uranium (fission products). n/cm.2/sec.

Processed radioisotopes are available from The materials Testing Reactor in Idaho, with

Commission distributors primarily in a thermal neutron flux of 4X10"4 n/cm.2 /sec.,
simple chemical forms. is now activating intense Cobalt 60 sources on a

routine basis. The fast neutron flux of 2X 1014Radioisotopes of elements of atomic number n/m/ecinteEpretaBedrR-

Ito 84 inclusive are routinely available for nm./e.in the Experimental Breeder Re-
actor can be made available for special irradia-

all uses. Service irradiations of elements above tions.
atomic number 83 are not normally available Mound Laboratory in Ohio processes and
but will be considered provided the target sells Polonium 210 as a metal deposited on
material will not affect the safety of the reactor platinum foil or gauze, specially prepared alpha
or is not dangerous to handle. p can d neutro n spe s.

The principal production unit in the United sources, and neutron sources.
States is the air-cooled graphite reactor at Oak In addition to the materials produced at these

Ridge National Laboratory (ORNL). The Low sites, certain materials with long life and high

Intensity Test Reactor at ORNL is used when specific activity, such as Carbon 14, Iron 55
and Cobalt 60, are produced at Hartford

its higher flux of 4X 101'3 neutrons per square And Cobalt 0aerodc at Hanfor
centimeter per second is desirable. Atomic Products Operation, Hanford, Wash.,

A new facility which can separate and purify and distributed through the Radioisotope Sales
large quantities of fission products from used Department at ORNL.
reactor fuels has been scheduled for construction
at ORNL in 1956. The new plant will provide STABLE ISOTOPES
equipment for separation and purification of
kilocurie quantities of important long-lived The stable isotopes distribution program has
fission products and for fabricating them into continued at a steadily increasing rate since its
large radiation sources. It will have the capac- inception in 1947. For detailed data on dis-
ity for separation of approximately 200,000 tribution of stable isotopes refer to Appendix
curies per year of Cesium 137 as well as thou- III.
sands of curies of Strontium 90 and other long Most of these isotopes are concentrated at
lived fission products. At present only a few Oak Ridge in the same type of electromagnetic
curies per month of such radioisotopes can be separators which were used during World War
separated. 11 to separate fissionable Uranium 235 from

Irradiation services and certain special ma- Uranium 238. More than 200 concentrated
trials are available from Argonne National stable isotopes of 50 elements are now routinely
Laboratory, Brookhaven National Laboratory, available.

66
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SPECIAL SERVICES tion between private industry and government.
In the field of isotope distribution and utiliza-

Special Services from Commission Facilities: tion, private industry has contributed exten-

Neutron activation analysis involves irradiation sively to the growth and development of the

of a sample in a nuclear reactor and subsequent program. With the passage of the Atomic
identification of the radioisotopes produced. Energy Act of 1954, industry has new opportu-
The analysis may be both qualitative and quan- nities for greater industrial participation. There

titative. Trace elements have been deter- are numerous direct and indirect business oppor-

mined in biological materials, drugs, fertilizers, tunities found in the many uses of radioisotopes.

fine chemicals, foods, fuels, glass, insecticides,
lubricants, metals, minerals, paints, petroleum Labeled (cempoundt.ra -Many universities and
products, plastics, soils, dusts, waters, toxicants research centers as well as industrial firms have
and other materials. contributed to developing new isotope-labeled

compounds and improving existing production

Gamma sert'ice irradiations are available at most techniques. Nearly 1,000 labeled compounds

AEC reactor sites and also from a number of are currently available from approximately 25

private laboratories. Gamma radiation in large commercial suppliers.
enough doses can destroy bacteria in a material Pharmaceuticats.-Bulk shipments of unrefined
without raising its temperature significantly. radioisotopes are purchased from ORNL, pro-
Also, certain important chemical reactions or cessed as pharmaceuticals, calibrated, and re-
physical changes occur when the material is shed asmaceuitcas te andre-
exposed to enough gamma radiation. These individual users.
two uses of radiation are believed to hold many
commercial potentialities. Large sources of Teletherapy Units.-At the close of 1954, seven
Cobalt 60 and Tantalum 182 are used for most United States firms were collaborating with
gamma irradiations, but highly active fuel ele- radiophysicists and therapists in developing
ments from reactors are now coming into use. radiation devices for specific medical purposes.

The numerous variables, such as energy of
Entcapsulation of special radioisotope sources is radiation, specific activity of the radioisotope,
provided at ORNL. All metalic Cobalt 60 source-skin distance, stationary versus rotation
to bc used as radiation sources must be en- therapy, and protection of patient and person-
capsulated prior to use. This safety precaution nel, have led to many possibilities and plans of
was found necessary since the surface of cobalt use. The active development of teletherapy
metal oxidizes. When handled, the oxide tends units incorporating large sources of radio-
to flake off, and may present a hazardous isotopes shows much commercial promise.
contamination problem. ORNL encapsulates
only large or special sources not available Radiography exposure detices, or gamma-ray
commercially. cameras, are now being manufactured and sold

by several companies in the United States.
Radioisotope waste dis'posal service is available More than 350 industrial firms in the United
at three AEC laboratories. ORNL will accept States are using radioisotopes for radiography.
radiomaterials from users in all sections of the Many of these have purchased special exposure
country. The Radiation Laboratory at Berke- devices or fabricated their own in plant shops.
ley, Calif., will receive radiomaterials from users
in the San Francisco Bay Area. ANL will as- Radioactive thicknes.. gages are currently avail-

sist in disposal of active waste resulting from able from six commercial firms and are being

materials irradiated at that Laboratory. used by more than 300 ,ompanies to meet more

Materials and Services from Commercial exacting product. specifications.

Firms: M1edical applicators are now being manufac-

Much of the progress of the atomic energy tured by several commercial firms. Such de-
program can be attributed to the close coopera- vices include eye applicators for treating



68 ISOTOPE;-S-YKEAR SUMMARY

ophthalmic lesions, beta-ray plaques for treat- Exempt Quantities
ing a variety of skin disorders, custom designed
radiation needles for interstitial uses, colpostats Small quantities of certain beta- and gamma-
for special medical use, a variety of radioiso- emitting radioisotopes may be obtained and
topes sealed in plastic tubing for use as sutures, used without filing an application or receiving
shielded syringes and a variety of other special a license from the AEC. A detailed list of
devices. exempt items and quantities is published in the

regulations.
Other materials and seriices account for a
growing commercial business related to isotopes. Export and Imports
These include the production of radiation ineas-
uring instruments, luminescent markers, static A program for the international distribution
eliminators, and atomic batteries. Services of radioisotopes was begun in 1947; stable
include consultation, film meter service and isotopes were added to the program in July
radioisotope waste disposal. 1954. Isotopes and reactor-irradiated ma-

t,'rials subject to USAEC regulations may be

LICENSING imported from other countries. Detailed data
on the international (listribution of isotopes

The Atomic Energy Act of 1954 authorizes appears in Appendix Il.

the Commission to issue general or specific
licenses to applicants seeking to use byproduct RADIOLOGICAL SAFETY
material for research or development purposes, To (late, distribution of AEC-supplied iso-
for medical therapy, industrial uses, agricul- topes has been accomplished by means of an
tural uses, or such other useful applications as authorization (or licensing) procedure. In the
may be dfevelopeovd case of radioactive isotopes this procedure is

The act further providles that the Commission ldesigned to make the materials available under
shall not permit the distribution of any by- conditions which will assure their safe use.
product material to any licensee, and shall recall The Commission, through the Isotopes Division,
or order the recall of any distributed material provides the services of experts trained in
from any licensee, who is not equipped to radiological safety. Field visits are made to
observe or who fails to observe such safety assist radioisotope users who have radiation
standards to protect health as may be estab- protection problems. Consultation on specific
lislied by the Commission or who uses such isotope applications is not provided by the
material in violation of law or regulation of the Commission. The latter type of service is
Commission or in a manner other than as dis- available from a number of commercial firms

closed in the application therefor or approved and private consultants.

by the Commission. Recommendations of the National Com-
mittee on Radiation Protection are used as

Regulations governing the manufacture, pro- basic guides in development of safe practices

duction, transfer, acquisition, ownership, pos- in the use of radioisotopes and in the formula-
session, importation, or export of byproduct tion of AEC standards for the protection of
material have been published by the Commis- health. A list of National Bureau of Standards
sion under Title 10, Part 30, of the Code of handbooks containing these recommendations
Federal Regulations. appears in Appendix I.



Technical Services and Training Opportunities

The Commission has all extensive program for Slide Illustrations
developing wider use of isotopes. Sone of tile
important services are to: An (extensive series of line-drawing illustra-

1. Provide information oil isotoptic materials tiols is available for use l)'v educators,, lect urers,

procurement policies, aond procted u arers. and students. The subject matter includes

2. Provire iformatioln oil radiologieal safets isotope production, isotope characteristics, iso-
tope (list ribut ion, and1(l isotope applicat iolls in

in the storage, use, and disposal of radio- biology, medical research, diagnosis ( and ther-
isotopes. apy, agriculture, chemistry, physics, and ill-

:1. Assist in developing and( presenting radio- dustr'-. (Copies of tile illustrations in the form
isotope techniques training courses and in of 8 x 10-inch prints are available on loan
tle production of training fihls and other from tihe Isotopes Division for reproduct ion
visual aids. purposes.

4. Provide references on isotope uses.

5. Encourage industrial ali(l commercial partic- AEC-Sponsored Training
ipation.

The Commission early realized tlie necessity

Training Films for basic training in radioisotope uses and safe
handling techniques. The application of these

The AEC gave extensive technical assistance new tools can be expanded only as fast as people

to the Arm.',v Signal Corps in the preparation learn to use them. To assure health and safety,

and production of a series of training films radiomaterials are distributed in quantity only

entitled "'The Radioisotope." The series (eon- to those who are trained to use them safely.

sists of individual films designed to offer The AEC has therefore actively encouraged the

instruction in the characteristics and measure- establishment of training opportunities in

merit of radioisotopes, the techniques involved techniques and safety, both by its own labora-

in their use, their safe handling, the biological tories and by private enterprise.

effects of radiation, and finally, the01 ways inwhich radioisotopes have been used in med 'icinle, ORINS Traininig Courses.---Tnh Oak Ridlge
whichusryadoisltopes have b en seraillseicin(e,. Ins-tute of Nuclear Studies was organized in
indlustry, agriculture, andl general sciences.l
They are intended for an audience of high 1946 by a group of universities, under contract

professional, technical an1 elu(.atiol'al level with the AEC, to utilize the unique facilities ofThofesfionalm that have beenucatiomllete e: .( Oak Ridge in programs of research and training.The films that have been completed are: (1)

Fundamentals of Radioactivity, (2) Properties IIn the summer of 1948, the Institute initiated a
of Radiation, (:3) Practical Procedures of eas- program of courses, of 4 weeks duration, in
ofRa on, (3) PMethodology, (5) Principles of the basic techniques of radioisotope handling.
urement, (4) These basic courses are still given. Scientific
Radiological Safety, (6) Prac~tic~e of Radio-logical Safety, (12) Agricultural Research, and experts from nearby- AEC groups frequently
(13) General Sciences. Films in the series that serve as lecturers. More than 1,400 graduates

have returned to their own laboratories, hospi-
have not yet been produce(l are: (7) Biological tals, aid firms with sufficient training to initiate
Effects of Radialion, (8) Medical Research, a radioisotope program. The courses have

(9) Medical Diagnosis, (10) Medical Therapy, served as a prototype for others established since

anti (11) Industry and Engineering. by universities and private institutions.

The films are available on loan to United ORINSalso gives advanced courses in various

States users from the AEC and from the various specialized fields of radioisotope utilization.
Army Headquarters' Central Film Libraries. Leading authorities in tile respective fields, both
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from within and outside the AEC, serve as this activityl)yothers. The encouragement has
lecturers and course leaders. About 600 partici- taken many forms, such as suggestions and
pants have taken advantage of these special recommendations on programs and courses,
courses. review of proposed course content and training

At the popular and semitechnical levels, the manuals, active participation by AEC personnel
Institute maintains an Atomic Energy Museum in programs and symposia, furnishing infor-
which acquaints visitors with various aspects mational material, and loan of exhibits, lantern
of atomic energy and radioisotope usage. slide illustrations, and technical and non-

technical films. At the high school level, the
Radiological Physics Fellowships.-With the American Museum of Atomic Energy at Oak
increasing usage of radioisotopes and the advent Ridge instructs visiting student groups, aids
of nuclear reactors in universities and industry, in setting up "science fairs," maintains traveling
there is an increasing need for institutional exhibits, and sends teaching aids on request.
radiological safety officers. The AEC is
helping to meet the need by providing fellow-
ships in radiological physics to promising Medical Training
graduates of colleges and universities. Training in medical techniques and safety

The fellowships provide for nine months in a with radioisotopes is proceeding at two general
university followed by three months of applied with rstopesais pro grams at offered
health physics training at one of the National levels. First, orientation programs are offered
Laboratories. The programs are carried out in by medical schools for undergraduate students,three separate pairs of locations: at Vanderbilt and by various medical groups for physicians
threeseparsite pais oaf l tion at t Univerbity who were already in practice when radioisotopes
University and Oak Ridge, at the University came into clinical use. At the second level,
UnivohersityeofrWashing and thov en, an f aactual clinical training with patients enables
A tomi Products Opras tion. Mord theHanf200 the physician to employ radioisotopes in hisAtomic Products Operation. More than 200 rcie
of these fellowships have been accepted and own practice.
the graduates' specialized knowledge and train- Programs of the first type have ranged from

short lecture series to extended courses includ-ing are being applied in A E C installations, uni- n le t r s d ta ed ab a o y w rk a d
versities, medical centers, industrial plants, and ing lectures, detailed laboratory work, andohrinstitutions throughout the Nation. clinical demonstrations. This type of orienta-
other ition provides a background knowledge suitable
On-the-Job Training.-Thousands of persons for the medical man who wishes to understand
throughout the Atomic Energy Project are the role of radioisotopes in his field.
receiving training in the handling of radio- At the second level referred to above, training
activity as an integral part of their work. is aimed directly at the use of radioisotopes in
Radiological Safety and Health Physics groups, medical practice. The AEC's Advisory Coin-
in particular, are given extensive training in mittee on Isotope Distribution considers a
safety principles, definite period of clinical apprenticeship, with

Many university and industrial people also a physicianorgroup actively using radioisotopes,
are receiving valuable training in Commission essential for developing clinical judgment in
laboratories. Their participation in develop- the use of these materials.
ment work, while on leave of absence, is mutu- Specialized opportunities for clinical training
ally beneficial to the Commission and their are made available in certain AEC research hos-
home institutions. These researchers and pitals. One-year residencies, including stipend
engineers, as well as students in training centers and maintenance, have been established at the
such as the Oak Ridge School of Reactor cancer research hospital operated by the Mcdi-
Technology, receive broad knowledge in applica- cal Division of the Oak Ridge Institute of
tions of atomic energy. Nuclear Studies. These residencies offer an

unusual opportunity to learn tracer and thera-
AEC Assistance.-In addition to its training peutic techniques and are approved for basic
opportunities, the Commission has encouraged credit in Internal Medicine. Similar residen-
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cies have been established at the Argonne Can- the fundamentals of the techniques where they
cer Research Hospital in Chicago. apply in other course. Most of these univer-

The training of hospital technicians and sities are conducting research projects, often

pharmacists in the techniques of radioisotope sponsored by the AEC, in which radioisotopes

handling and laboratory procedures relies, at are involved and in which postgraduate students
present, on occasional on-the-job experience. can obtain a familiarity with the principles of
The need for additional training opportunities their use.
in these specialties is becoming more acute and
several technical training schools are starting Secondary School Education
to offer formal courses to fit these persons for
new responsibilities with radioisotopes. The introduction into the high school of

laboratory experiments with radioactivity is,

Industrial Training in some respects, the most noteworthy of recent
developments in education. Concepts involved

Several industrial concerns have added radio- in counting and measuring radiations, in tracer
isotope technique and radiological safety studies, anti in operating simple radiation equip-
courses to their training schedule. These ment are readily adaptable to the high school
are usually geared to the company's needs, level.
The amount of instruction necessary is gov- The use of radioisotopes in high school science
erned by the complexity and extent of radio- demonstrations and in laboratory experiments
isotope usage, and ranges from a simple manu- by the students has been accelerated by th,
facturer's manual for use with a well-shielded, spreading awareness that small license-free
direct-reading thickness gage to a full-scale quantities of radiomaterial can be purchased.
course in nuclear physics, instrumentation, When handled with reasonable care, the
and health physics for a large program involving small amounts present little or no hazard.
industrial research and manufacturing. License-free quantities of radioisotopes are

Initiation of customer training courses by quite adequate for classroom experiments.

suppliers and manufacturers of radioactive
devices has been another worthwhile step Other Training Opportunities
toward better radiological safety.

In recognition of increasing use of radiation

University Training and the associated health problems, the Public
Health Service sponsors a radiological health

Most important from the long term stand- training program in Cincinnati. The program
point has been the initiation of radioisotope includes 2-week courses designed for personnel

courses in university extension programs and in of State and local health departments and a

graduate and undergraduate work. If the limited number of participants from other

principles of radioisotope utilization are learned governmental agencies and industry.
An impressive amount of training in radio-

as part of the usual academic education there isotope handling and radiological safety is being
will be less need for intense, special training sponsored by the Armed Forces, both because of
later. the increased significance of such training in

Isotopes are used in over 200 universities national defense and because of the widespread
and colleges. Many of these have initiated use of radioisotopes in the Service's medical
radioisotope laboratory courses or are presenting research and clinical programs.



APPENDIX I

Special Sources of Information on Isotopes

Available From- "N uclear Science Abst ract s,". - Covers lkltclassifihed and

I. I~oTOPES )1 VISION (ec'lassi ~ie A EC' resea rchi reiport s on N tic lear Sc jellcv,
I. is. Atus mtnl Cnrv ( 'om andio other m aterialin this tield which appears ini

U.k Rige Atoic Eoer. Comsso telmc a I anid sc ieiiifit' jolurnals anrd tillpimldis hed
Oa ide Tn.resea rchI repttrt s of go vernmen11! t agencies, uivi-iivrsit iv

Forms and Instructions a iid idii(tsiis a researchi establ is hmenits. 25 ccitt s
pvrcoy o sbcilptiotl atr $(j a vear dolllesrt'c and~

AEC0 -3 13, "AppIlication for 11 adil isot oj e P'roctiiren ienlt"' $ Is foreigil.
andt Inlst ruct ionls. mi )_wti9s, ''V.1' of isotopes( il l iallt andI Atittial

AEC-37.5, "Radioisotope O rder BlIank"' (for Federal 1lvscarch''-- ¶19 papers from 'ollferenlce at K~ansas

Agenicies) . St ate C ollege, Jine 12, I19.52. $1.25).
A EC-4t15, " Cert ificat e of (omnit) anitce withI Fedlera I IThe ( litribiit 11114 f At omoic E eg oAnc i r'

Food, [)rug, and IC(osimet ic Act." ' 'iiearl 11gs betfotre t he St t tommi Ititte en (l Research and11
AEC-MoO, "'Stab~le Isotop[e Reqtiest .' Itevelopilleiit 1f thle Join~t, Co~llillit tee oil Aktolniie

Ern.'rgy, ('ttg~res.s tf thle IUniitedl States, Mlarch :31
Films and Illustrations aiid April 1, 1 954. 25 cents .

"jitidde to the Training Film Series, 'The R~adio- "Thie ('Itltriblinitll of Atotili Etiergy to \ledicjiie'.-
isotope'.''--Ou iitlit ns ptirpo~se, scopeane oi (rganiiization)1 II (a ri iig. beft)re thle SiIldtill 1111ittee on Rteseare Ii and1(

(If series anid contttainis a b rief sylotpsis (If each fil111. D e ve'lopmen I lt (4 thle Jo lii CommIil ilitteeC (III Atom1ict

The ittdividtial filtits are oni loant, wit hottt charge, at- t lie Enrg, Conrgress oif the I titCei States, .11114 2, :3,
Cenitral Film11 Lilbrarv (of the Arnliv Area in whichl t 11( and 4, )954I. 55 cents.
borrower resides atnd at, thle Isotopes [)ivisiori, Oak
Riadge', for isorope Users. National Bureau of Standards Handbooks

"List (of Slid(, lIhiistrations''.-Listing variety oIf 11ne flatidbook 42, 'Safe I latldlihg oIf Radioactive Isotopes.''
drawing iltist rationls oil variouis asptects andt uses (If 15 centts.
isotopes. Available oii lo~an as 8'' x I10" prints for i landllook 48, ''Control andt Remtoval of Radioactive
reproduct iont pu~rposes. ContItatiltinat loll in Laboratories.'' 15 cei its.

11.~~~ ~ ~ ~ SUEITN ETO OU ETlaitdhook -49, "'Recommen~tdations for Waste Disposal
Govrnen PrEI Ei)ntin Office M .:T of Phosp~holrus 32 aiid fodilnc 131 for Medical Users.'

Washirlneton 2ri5, tt O).iC. 10 'enlts.
Wasbingoti 25,1). C.landl~book 51, ''Radiological Mottitorntg Methods andt

"lISOTOPIC[S-Atiinoulllcetttellits (If thew Isotopes 1)ivi- Ilistrutilelits.'' 15 cents.
sionni'.-Quarterlv bulletini of the IsoItope's Di vislot 'lbook 52, ''Maximuiiti Perm~issible Alilotiots (If

fi~mriishiiing itiformia tio l ml ) isotopeI ()i prcrentle u~l oisot tpes iln tile liii mar Body alnd Maximum111
allocatio 1111 rocehtires, (list rihirti(It policies, alt(i -rtMissiblie Concenitrationis ini Air anld WVater.'"

meithlodls for safe han~dlin~g atnd disposal (If radio- 2t0 'enits.

muaterials. 3.5 cenlts per copyI~ or $1 per v'olumie llalidbook 53, 'flecolmntnrdationls for the Disposal of

(calendar year) by siubscriptioii. Carbon 14 Wastes." 15 cents.
"Isotople. . . . A Three-Year Summttary (If [U S. H~andbolok 54, "Protection Against Radiations F'rotm

IDistribtttioti,' Aitgtist I 949.-Sumintlarizes isotope) Radiitn, Cobalt 60, and Cesium 137.'' 25 cetits.

productioni and (list rihiltiotl andI contains bibli- I land(boiok 56, ''Safe hlandling of Cadavers Conitainling
ographv of over 1,850) referetices. 45 cenits per cop *y. Radioactive IsotopeCs." 1.5 cents.

" Isotopes . .. AI Five-Y ear Summntary of U. S. IDis- Hlandbook 57, "Photographlic Dosittetry of X- and
tribution,'' Aoigiist 1951 .- Gives dletailed accuniit otf Gamtma Rays.'' 15 cents.
all isotope investigationis inlitiatedl froml the beginl- Ilatldbook 58, ''Radioactive-Waste Disposal in thle
ttitg of the distribution progratn in Auigulst 1946tcan"2icns
through Jun~e 30, 1951, inldicat~ing inst ituttionl and Ocan.''o 20, "Permts. il oeFotEtra
departmeniit, principjal inivestigator, isotope, flt i)(t5C Sourcesoof Ionz, n 'PRmdiasib ose" 30 cents. 'rla
for which mtaterial was obtained, anid status of Sute fInzn aito. 0cns
inlvestigationl at (late of putblicationl or reference to Semiannual Reports of the AEC to Congress
published report, if ally. Report. also cotntaints
bibliography of 1,401) references (suppleltlelthi g F'ourthI S'uniantittal Report, "Rtecent Scietntific an~d
bibliography int 3-year summliary) . $1 pe'r copy. Techlnical D~evelopmenet~s ini the Atomnic Energy Pro-
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grain of the United States," July 1948. 35 cents scription of ways reports and other publications are

(largely on isotopes program). made available to the public. Free of charge upon
Sixth Semiannual Report, "Atomic Energy in the Life request.

Sciences," July 1949. 45 cents. TID-5078, "Radioisotope Applications of Industrial

Eighth Semiannual Report, "Control of Radiation Significance."-Extracts the industrial uses from the

Hazards in the Atomic Energy Program," July 1950. listing in "Isotopes . . . A Five-Year Summary of

50 cents. U. S. Distribution" above. 30 cents.
Eleventh Semiannual Report, "Some Applications of TID-5115, "The Role of Atomic Energy in Agricultural

Atomic Energy in Plant Science," January 1952. Research."-25 papers from symposium at Oak

50 cents. Ridge, August 25, 1952. $3.10.
Thirteenth Semiannual Report, "Assuring Public

Safety in Continental Weapons Test," January 1953. IV. OAK RIDGE NATIONAL LABORATORY

50 cents. Radioisotope Sales Department

Fourteenth Semiannual Report, "Major Activities in Post Office Box P
the Atomic Energy Programs," January -June 1953.
45 cents. "Catalog and Price List of Radioactive and Stable Iso-

Fifteenth Semiannual Report, "Major Activities in the topes."-Gives price, chemical form, purity, specific

Atomic Energy Programs," July-December 1953. activity, etc., of radioisotopes; chemical form and

45 cents. degree of enrichment of stable isotopes on loan; spe-
Seventeenth Semiannual Report of the Atomic Energy cial materials and se-vices: ordering and shipping

Commission, July-December 1954. 45 cents, procedures.

III. OFFICE OF TECHNICAL SERVICES V. BROOKHAVEN NATIONAL LABORATORY

Department of Commerce, Isotopes and Special Materials Group

Washington 25, D. C. Upton, Long Island, New York

"Price List of Research Reports for Sale."-Titles and "Catalog amid Price List of Reactor Irradiation Services

prices of available unclassified and declassified AEC and Radioisotopes."-Gives prices, specifications
research reports. Free of charge upon request. applying to target conveyor, shipping information,

AECU-2226, "Design of Laboratories for Safe Use of and instructions for ordering.

Radioisotopes."-By Donald R. Ward. 35 cents. VI. ARGONNE NATIONAL LABORATORY
AECU-2821, "Air Contamination and Respiratory Special Materials Department

Protection in Radioisotope Work."-By G. W. Mor- Post Office Box 299
gan and C. R. Buchanan. 25 cents. Lemont, Illinois

AECU-2875, "Equipment for Radioisotope Labora- "Catalog and Price List of Irradiation Services."-

tories."-By Oscar M. Bizzell. 25 cents. Gives information on availability of the irradiation

AECU-2967, "Radiation Safety in Industrial Radiog- facilities of ANL's Research Reactor-CP-5, Experi-
raphy with Radioisotopes."-By P. M. Frazier, mental Breeder Reactor and 60-Inch Cyclotron, and

C. R. Buchanan, and G. W. Morgan. 25 cents. oental derhReaitorrandureo.
ANL-5111, "Annotated Bibliography in Radiobiol- ordering and shipping procedures.

ogy."-Abstracts of 2,153 reports and journal articles VII. McGRAW-HILL BOOK COMPANY, INC.
on radiation effects, radioelement metabolism, and 330 W. 42nd Street
Pffccts on growth, genetics, and cytology. $2.10. New York 36, New York

TID-3046, "Utilization of Gross Fission Products."- N

Bibliography of unclassified report literature. 25 National Nuclear Energy Series--Complete technical
cents. record of scientific work carried oi't in the nation's

eT " b r o eatomic energy program under the Manhattan Project
TID-3050, "A Bibliography of Selected AEC Reports ancotuigwhtatfteAE (seTD45

of Interest to Industry."-Brief abstracts. and continuing with that of the AEC (see TID-4550

Part 1, Metallurgy and Ceramics. 35 cents. above for titles and prices).

Part 2, Chemistry and Chemical Engineering. 45 VIII. D. VAN NOSTRAND COMPANY, INC.

cents. 250 4th Avenue
Part 3, Nuclear Technology. 35 cents. New York 3, New York

Part 4, Electronics and Electrical Engineering. 35 "Sourceook on Atomic Energv."-By Samuel Glass-
cents.Part 5, Mechanics and Mechanical Engineering. tone.-Description of theory, history, development,
25 centsc and uses of atomic energy and radioisotopes. $2.90.

Parts 6 & 7, Construction and Civil Engineering; IX. STANFORD RESEARCH INSTITUTE

Mining and Geology. 25 cents. Project 361
Parts 8 & 9, Industrial Management: Health and Stanford, California

Safety. 25 cents.
TID-4550, "Availability of U. S. Atomic Energy Coin- "Industrial Uses of Radioactive Fission Products."-

mission Research and Development Reports."-De- A report to the USAEC. $1.50.



APPENDIX II

Chronological Outline of Development of Isotopes Distribution
Program

1. First public announcement of reactor-produced 18. Announcement of program for returning radioactive
radioisotopes available under the distribution pro- wastes to Commission facilities for disposal, Octo-
gram appeared in the June 14, 1946 issue of ber 1950.
Science (served as 1st Radioisotopes Catalog). 19. Initiation of cooperative visitation with state

2. First reactor-produced radioisotope shipment from health departments to radioisotope users, l)ecem-

Oak Ridge, August 2, 1946. ber 1950.
3. Jurisdiction of program turned over to civilian 20. Announcement that Brookhaven National Lab-

Atomic Energy Commission, January 1, 1947. oratory will provide reactor irradiation services
4. Initiation of service irradiations, that is, a service

whereby the radioisotope user may submit his own

sample for irradiation or neutron bombardment in 21. Publication of first issue of the quarterly bulletin,

the nuclear reactor, March 1, 1947. "Isotopics-Announcements of the Isotopes I)ivi-

5. Initiation of program making available the con- sion," April 1951.

centrated stable isotopes of Boron 10 (complex), 22. Expansion of international distribution of radio-

deuterium and deuterium oxide (heavy water), isotopes to include all reactor-produced radioiso-

June 1947. topes (except tritium and Polonium 210) and to

6. First compound labeled with radiocarbon (methyl authorize the export of these materials for use in

alcohol) available from the Commission, July 1947. scientific research, medical research, industrial

7. Initiation of a program for international distribu- research, medical therapy and industrial applica-

tion of radioisotopes, September 3, 1947. tions, July 16, 1951.

8. Formation of an Advisory Committee on Isotope 23. First radioisotope (Iodine 131) accepted by Federal
Distribution (to replace interim policy committee Food and Drug Administration as effective new
set up under the Manhattan Project), January drug, November 23, 1951; Phosphorus 32 accepted

1, 1948. June 30, 1952; and Colloidal Gold 198 accepted
9. Initiation of a program for distribution on a loan October 1, 1954.

basis of more than 100 varieties of electromagnetic- 24. First film of thirteen-part radioisotope training

ally concentrated isotopes of about 30 elements, film series, "The Radioisotope," wade available for
January 21, 1948. distribution, January 1952.

10. Publication of regulations by the Interstate Com-
25. Announcement of availability of neutron activa-

merce Commission for shipment of radioisotopes . . stion analysis service at Oak Ridge National Labora-
by common carrier (rail and truck), January 25,1948.tory, April 1952.
1948.

11. Opening of first Commission-sponsored training 26. Publication of AEC-financed supplement to the

course in radiosotope techniques by Oak Ridge Journal of the American Chemical Society on

Institute of Nuclear Studies, June 1948. labeled-compound synthesis, May 1952.

12. Distribution of tritium (radioactive hydrogen) and 27. Announcement of availability of facilities for irradi-

stable Helium 3, September 1948. ation of large items at Brookhaven National

13. Completion of a nation-wide intercomparison of Laboratory, January 1953.

Iodine 131 radiation analyses conducted by the 28. Publication in the Federal Register of criteria
National Bureau of Standards and Atomic Energy governing the authorization of AEC supplied
Commission. radioisotopes for research and development, for

14. Availability of stable elemental Boron 10 announced human use, and for use under a general authoriza-
March 28, 1949. tion. Use of license-exempt quantities of radio-

15. Initiation of a program for cyclotron production isotopes in humans expressly prohibited, Decem-
and distribution of certain long-lived radioisotopes her 15, 1953.
not producible in the nuclear reactor, June 1949. 29. Publication by USAEC of list of 492 isotope-

16. Enactment of regulations by the Civil AeronauticsBoar fo shpmet o raio istops b comerial labeled compounds available from 13 commercial
Board for shipment of radioisotopes by commercial suppliers, the National Bureau of Standards, and

aircraft, July 20, 1949.
17. Completion of new large-scale radioisotope pro- Oak Ridge National Laboratory, January 1954.

cessing facilities at Oak Ridge National Laboratory, 30. Announcement of standard reactor units of radio-

March 15, 1950. isotopes, July 27, 1954.
75
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3 1. Revision of Federal Radioisotopes D)istribution search Reactor (T'1-5, Experimiental lBreder
Rlegilationis to cover radioisotopes produced in ajiv Reactor, and its t60t-incl'h tyclotlron, SeptemIber 1154.
publicly or privately owned nuclear reactors 34. Approval of Kilocurirt 1ission Product Separation
located within the UtT ted States, its territories, or Plant to be locat~ed at O)ak Ridge National Labora-
possessions, July 24. 1954. tory, octob)er 19.54.

32. Stable isotopes made available for explort,. July 1954. 35. Anmuotmlcettueltut o (of Gaumma Irradiatiou Faciliti es
33. Issuance of Argonne Natiotnal Laborator *v booklet, at National Reactor Testing Sation to provide

entitled "Irradiatiot Serv'ices" ctontaining detailed gao ia-raY fields of theorder of 101 million roeongens
informatioi otn services available at ANIL's Rv- per hour, O)ctober 1]95-1.



APPENDIX III

Statistics on Isotope Distribution

TARmI.-"TOTAL AC'TIVITY (Curies) AND SIIIP- TAHIE-"SIIIP.M ENTS OF ISOTOPES TO ('{ON-
MENTS OF PRINCIPAl, ISOTOPIES." "iFUES OUTSIDE UIlE : NITEID STATES."

TABLE--"(GROWTH IN ACTIVITY (Cutries) AND G(ItAI'l-"G(R(O)1TI1 IN ('HI ES SHIIPPED."
SHIPMENTS." MAi--"RADIOISOTOPE UISEJIS BY STATES."

TABI.E-TYPES OF INSTITUTIONS USING ISO)- MAP-"INI)USTiRIAL FIRMS USIN(; HIAI)IOISO-
TOPES IN THE UNITEI) STATES." TOPES."

TOTAL ACTIVITY (('uries) AND) SilIPM ENTS OF PRIN('IPAL ISOTOPES'

A .- 2. 19411-I)Ec. 31. 19534 JAN. 1. 1951 D)EC. 31. 1954 TOTAL To I)Ct. 31, 1954

ISOTOPE
Activity Activit , v .t Aetiv Iv
(CuI riest) i tt ( urie ) 1hipnnints ((uri,.e s Shipment A

Radioactive lsotope:
Iodine 131 -.------------- . 2, 026 18, 713 557 5, 023 2,58:3 23, 736
Phosphorus 32 607 12, 059 153 2, 405 760 14, 464
('arbon 14 - -------------------- -- 29 1,649 5 269 34 1.919
Sodium 24 -------------------- 23 1,928 9 448 32 2, 376
Gold 198. ----------------------- 688 1, 570 632 622 1,320 2, 192
Hydrogen 3 ------------------------- 346 149 168 94 514 243
Stroutium 89, 90 -------- ---- 138 646 19 130 257 776
Cobalt 60_ -------------------- 20,364 811 25, 493 134 45, 857 945
('esium 137-- ... .. .. . ......... . - 52 411 327 104 379 515
Iridium 192_ --------------------- :36 32 1,200 99 1, 236 131
Polonium 210 -- - ------------- 312 56 819 57 1,1:31 113
Ot her -------- -------------------- 379 13, 593 246 3, 2001 625 16, 793

Total ----------------------- 25, 000 51, 617 29, 728 12, 585 54, 728 64, 202

Stable Isotopes:
Deuterium Oxide --.-------------------------- 682 - 152 834
Deuterium ----------------- ---------------- 1,052 ----------- 161 ----------- 1, 213
Boron 10, I 1---------------------------------- -10 64 170
Helium 3 -------------------------.----------- - 25 ..........- 10 35
Oxygen 18 ------------------------- ----------- 339 48 ---------- 387
Electromagnetically Concentrated -------------- 1,957 ----------- 326 ---------- 2, 283
Argon 38 - -- 4-.-----------------------------------------4 -----I -- 5

Total ----------------------- ---------- 4, 165 ----------.. 762 - -- 4,927

I Distributed from Oak Ridge National Laboratory to all isotove users.
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78 STATISTICS ON ISOTOPE DISTRIBUTION

GROWTH IN ACTIVITY (Curies) AND SHIPMENTS

YEAR CriRIs PER SHIPMENT9 TOTAL TOTAL SHIP- CI.IES PER SHIPMENTS TOTAL TOTAL
YEAR PER YEAR CVRIES M9NTS YEAR YEAR PER YEAR C1LlES SHIPMENTS

1946 - 8 281 8 281 1951- -4,523 9,475 6, 155 28,899
1947 .... 65 I,897 73 2,-178 1952. 11,244 10,691 17,399 39,590

1948 ------- 134 3, 618 207 5, 796 1953 ------ 2 7,601 12,027 25, 000 51,617
1949 ...... 386 5, 633 593 11,429 1954__ 429,728 12,585 54,728 64,202

1950 -------- 1,039 7,995 1, 632 19, 424 i

a Distribution from Oak Ridge National Laboratory to all users.
, Decrease due to 20%/ charge for Isotopes for cancer.
SIncrease due to teletherapy units.

TYPES OF INSTITUTIONS USING ISOTOPES IN THE UNITED STATES

(Showing Number Added Each Year)

q D IFOV NDATIONS
YEAR ISOTOPE MEDICAL COLLEGES AND INDUSTRIAL FEDERAL AND ,OANDI OTHER TOTAL

ISTS. UNIVERSITIES FIRMs STATE LABS ANDTITUTES A

19 6 - - - - - R1 ad ioactive -------- 38 22 118 4 4 1 ........- 8694 . . . . Stable --------- --- 2 2 1 _ 5

14----- Radioactive 2:-2-----311 22185j-------- 58

14... Rdotie.... 48 26' 17,5 7 +103
9 .... Stable ------- - 15 39 19 5 32 81

Radioactive ----- 231 21 21 8 5 ._ 86
19489 Stable-........... 59 16 15 2 2 44

1949--------_ Radioactive .... 27 20 47' 15 3 i..... 112

Stable --- 11 12 9 3 2 -------- 37

Radioactive -__-- 62 34 103 17 10 1 2271950 ....
Stable ------------- - 9 14 14 5 1 1 44

1951- -fRadioactive 101 31 165 68 5 2 372
1 ......- Stable ------------- 6 14 16 6 1 -------- 43

1952_- Radioactive- ---------138 24 212 40 9 2 425

. Stable----------- ------ 5 13 16 1 1 --------. 35

1 -Radioactive ------- 206 20 210 44 4 10 494
1953 Stable ------------ 5 17 22 5 2 2 53

1954 --------- Radioactive 219 14 227 36 6 9 511
Stable--------- ..- 0 18 16 6 21. 52

fRadioactive 870 212 1,020 237 53 24 2,416Total--- "" - Stable ----- I 72 145 127 33 14 3 394

SHIPMENTS OF ISOTOPES TO COUNTRIES OUTSIDE THE UNITED STATES

RADIOISOTOPE STABLEI RADIOISOTOPE' STABLE

COUNTRY TOTAL SEPT. 3, TOTAL JtLV 1, COhNTRV TOTALSEIT. 3, TOTAL VLV I,
1947 TO DEC. 1954 To DEc. 1947 To 1)Ec. 1954 TO DEC.

311954 31, 1954 31, 1954 31, 1954

Argentina ------------------- 124 ---------- Colombia --------------------- ---8
Australia -------------------- 107 ----------- Costa Rica -
Austria --------------------- 1----------- uba ------------------------ 235----------
Belgian Congo ---------------- 2 ---------- Denmark --------------------- 223, I

Belgium --------------------- 145 2 F Dominican Republic ------ 1 ..........
Bermuda -------------------- 16 1 Egypt ----------------------- 2 .-- --

Bolivia 2 ........... . .----------- El Salvador 2 ................- -...... ........
Brazil ------------------------ 259) England ---------------------. 145 1
British West Africa ----------- ---------- Finland ----------------------------- 14
Canada --------------------- 674 6 France ----------------------- Ill 8
Chile ------------------------ 99----------- Germany ---------------- 24

See footnotes at end of table
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SHIPMENTS OF ISOTOPES TO COUNTRIES OUTSIDE THE UNITED STATES-Continued

RADIOISOTOPE' STABLEI RADIOISOTOPE STABLE
CUTYTOTAL SEPT. 3,~ TOTAL JULY 1, TOTAL SEPT. 3, TOTAL JULY 1.

1947Y t~ To DEC. 1954 To DEC. COUNTRY I V7 TO D)EC. 14,54 TO DEC.
31, 1954 31, 1954 31, 1954 31, 1954

Gold Coast ----------- ---------- agu%------1-------------Prga ------ ----- ------

Greece -------------------------- I-------------Peru---------------- ---------- 20 -----
Guatemala ---------------------- 12 ------------ Philippines - - -------------------- -2 ----
Honduras 2- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

.Portugal ------------ ----------- - -----
Iceland------------------------- 5----------- Spain ---------------------- 9----------9
India -------------------------- 22----------- -- Sweden ------------------------ 192 -- --
Indonesia ----------------------- 3-------------Switzerland.---------------------631
Ireland------------------------------------------ Syria 2 ------------_-- -- - ---
Israel --------------------------- 6------------Thailand 2 --------------------
Italy--------------------------- 34 1 Trieste---------------------3
Japan -------------------------- 330 ------------ Turkey ---------------------- 5 --------5
Lebanon -------------------------- ------------ Union of South Africa - --- 291
Mexico ------------------------- 96-------------Uruguay ----------- -------------- 10 ----
Netherlands --------------------- 57-------------Yugoslavia ---------------------- -1 -
New Zealand -------------------- 12-------------Venezuela ----------------------- -8 ----
Norway ------------------------ 43 ---------- ___

Pakistan---------------------------- 7 ---------- TOTAI -------------------- 3, 173 21
1 Stable isotopes became available for export July 1, 1954. 2 Authorized to receive Lsotos no oshipments made.

GRIOWTH IN CUR~IES SNIPPED
(CUMULATIVE TOTAL)

30

WHPPE FROM OAK PID43E NATIONAL LABORATORY
TO ALL USERS.

~40

U

0

0
1ý- 10

1946T 1947 1948 1949 1950 1951 1952 1953 1954

*DEFLECTION AT "A" DUE TO 20% CI4ARGE FOR CANCER, ISOTOPES
-TOTAL CURIES -54,728
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INDUSTRIAL FIRMS USING RADIOISOTOPES
AUGUVST 2, 1946 - DECEMBER A1 1954

*8 YETAIRS
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APPENDIX IV

Extent of Chief Medical Uses of Radioisotopes

No. or' INSTIl TITON4 RE-
CEIVIN" AE'• LICEI.NS

ISOTOPE U-E

1953 19,54

"{'lhvroid function (diagnosis only) 80 80

Blood volume and circulation ------------- 111 151

Diagnosis -- Brain tumor ---------------------------- 95 104
Liver tumor ----------------------------- 15 33

1-131 -- ardiac output ---------------------------- 13
.Iyperthyroidism ------------------------ 291 431

Treatnient-...... Cancer ----------------------------------- 242 295
Heart disorders --------------------------- 124 230

Di s .. . Blood volume and circulation -------------- 7 50
- jTurnor detection ------------------------ 39 49

P-32 (Polycythemia and leukemia --------------- 269 389P - - ISkin cancer ---------------------.------- 4 10
----- Other cancer ----------------------------- 87 104

lIntracavitary --------------------------- 38 51

(Intracavitary (including bladder) ---------- 131 209
/Prostate -------.----------------------- 32 45

Au-198 -------------- Treatment ------- Other interstitia .njection -------------.-- 43 39
Intravenous --------------------------- 24 33
I mre p lants ---------------------------- - 3 7

Blood volume --------------------------- 43 90

Cr-51 ------ ------- Diagnosis- ------- Blood cell life ----------------.------------- 17 64
Cardiac output --.-.--------------------- 1 3

1946-53 1946-.54

Applicators (intracavitary and topical) - 37 60
Co-60 ----- --------- Treatment---...-- In plants ...........-------------- 18 36

Telet herapy------------------------ 28 46
Cs-137 -- ------------ Treatment -------- Teletherapy ----------------------------- - 8 18

Sr-90 -------------- Treatment ------ Applicators (ophthalmic and topical) -- 179 232

j953 1954

Diagnosis (other than above) ---.----------------
JTreatment (other than above) --------.-------------- 131 156

Studies inl,,,maiw------- ------- -------------
O ther i.sotopes. - - -.

D iagnosis (including anly above)-
Treat ment (including ally above)- -h .

NIstuies if) humans--------------, l

I Three are for same machines as Co--hO.
I 8pegatil general authorizations, with use unsp.eifi1i.

Noxg.--FY gure for Mbe 2 years should not be added 5ifle *J(. 4f, in 39 ':i nyper also n 1W54. siinces .,yttoji ini e n , inishuld noI 1a0 1dwr I
stnce an Institutont usually is licensme for IIIOIr than one ust.
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APPENDIX V

Bibliography

MORE than 7,000 references appear in the month and maintained a card file on isotope
following bibliography. These are categorized uses. Each article is reviewed in sufficient,
into 30 fields of work with radioactive and stable detail to place it in an appropriate category.
isotopes supplied through the United States Although the card file is by no means complete,
Atomic Energy Commission. Reference is made it served as a beginning for this bibliography.
only to material which has been published In order to make the bibliography more com-
during the 3Y years ending February 1955 or, plete, isotope users were requested to send lists
more specifically, since publication of "Iso- of their publications. Because of the large
topes-A Five-Year Summary of U. S. Distri- number of references submitted, it was impos-
bution." sible to find and examine all the articles them-

The bibliography is restricted to open-litera- selves. Instead, the title of each article was
ture references. Unclassified and declassified considered and an effort made to place it in
reports written by investigators working in an appropriate category. For this reason, a
Commission laboratories, but not published in reference not appearing in the best category for
the open literature, have not been included, the work actually reported may perhaps be
These items are available as project reports at found in a closely allied category.
AEC depository libraries. Selected ones are Some references sent in had to be omitted.
on sale at the Office of Technical Services, In certain cases the reference was not applicable
Department of Commerce, Washington 25, to this coverage; in others the reference did not
D.C. provide sufficient information to permit finding

The bibliography is intended as a guide to the article. Unfortunately several lists of
persons interested in the technical aspects of references, particularly those from other coun-
isotope utilization. Being primarily concerned tries, were received too late to be included.
with isotopes as tools of research, it, comple- The bibliography has been appended with
ments Nuclear Science Abstractg which can an author index and a key to abbreviations used.
provide only limited coverage in this area. The abbreviations are those used in the "List
NSA is a semimonthly journal, published by of Periodicals Abstracted by Chemical Ab-
the AEC, which covers reports and open 3tracts."
literature on nuclear science. Reference titles are listed alphabetically,

The Isotopes Division staff has for the past except for additions at the end, within the
few years scanned several hundred journals per following categories of isotope use:
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84 BIIBLIOGRAPHY

Categories of Isotope Uses

References iii t his bibliograpliv are broken down inito t he following vategoriesi

A Diagnostic Medicine. K Animal 11tiis)aridry. V Reaction Mlechanjisims and
B Therapeutici Medicine. 1, Bacreriolog v. Kinetics.
C Clinical Research. Mi Fertilizer Uptake I)v P'lants. V ltadiochiemiitrv.%
D) Human P~hysiology. N Plant P1hysiology. NV Radiation Detection.
E General Medical Research. 0 Photosynithesis. X Radiation I'll sics.
F Immuinology. P' Radiation Effects oin Living Y Nuclear P'roperties of Iso-
G Metabolite Physiology in Ani- Organisins. topes.

mnals. QBiochemiistry. A eerl1ivc.
11 Non-Metabolite Physiology in It Biosvialiesis of Labeled Comi- A.A Ceneral Tlopics.

Animitals. pounlds.B1Iotp ehnqi
I Injurious Agent Physiology 8 Chemical Synthesis of Labeled B ooeTeiiqi~

in Animals. ('ompolinds. CC Appllied hIndulstrial Us'e.
J General Animal P'hysiology. T Ceneral Checmistry. DD) Entomnology.

Diagnostic Medicine

A I Absorption anid Urinar~v Excretion of Orally' A 11 'l'llw (Clinilcal U se of Soditirni lFhioresceini arid
Admiinisteredl Radioactive lorlinated Hluman Rtadioact ive Di-iodo-tlrrori'seimi ii thle Loi'aliza-
Seruim Albhumiin in Hu muan Betings. W. (C. Levyin t ion of Tumnors of t he Cieit ral Nervous SVs telln

and C'. C. SnYder. J. Lab. Curt, led. 40, G. E. Mfoore, W. T'. Pe ' toti, S. W. lliunilr, arid
823(19,52). 1L. A. French. Mii nnesota l~ed. 31. 1073- Wil19-19).

A 2 Action of Lipotropic Substances iii Liver lDisease A 12 Clinical Valuie of the Bmianmol Exi ractable
as Measured by Radioactive Phosphorus. (Thy% ,roxine) r---- 131 in Ow lD iagniosis of llYper-
I). Caver and W. E,. Corriatzer. J. Am. ilied. th 'v roidlisn. L,. A. Schultz anid L.. Zieve. J. Lob.
Assoc. 14,1566--7( 1950). C/in, Mied. 42, 949-50(19-53).

A 3 Alterations iii the Body Potassium Content iii A 13 Clinical Value of the Plasmna Bnimaiol-ULxt ract-
Cirrhosis of the Liver. J1. K. Aikawa, J. H. able (Trhvroxiiiet 1--131 in the D~iagniosis of
Felts, JIr., and (m. T. Harrell, .Jr. (hnstroentero- fllpert broidismn andl NI vxedenna.A.L...Schutltz,
logy 24;, 437-43(1953). S. Qandhiaus, 1f. L. IDenorest., anit L. Zieve.

A 41 Blood Levels of 1-1 31 after Tracer D~oses iii the J. Clin. Enidocrinol. Meitabolism 14;, 1062 8(19,54).
D)iagnosis of llpverthvroidismn. S. Silver antI A 14 A Comiparative Sttudy of thev Use of lDi-iodo-

MI. H. Fieber. Proc. Soc. Exptl. Biol. M~ed. 75, ttuiorescein and 1o(Iiiated Hiuwan Sermi Album-
570-3(1959). miin for the D)iagnosis and Lo~alizat ion of Iut ra-

A 5 Blood Levels after Tracer D~oses of Radioactive cranial Neoplasims. E. T . Y uhl. L. A. Stirrett,
Iodiiie in the lmagnosis of Trhyroid D~isorders. arid It. L. Libby-. A-nn. Smig. 137, 184-8(19.533).
S. Silver. M. 11. F ielber, and ýS. B. 'mohaleir. A 1.5 Comiparisoni of a Single (;-M Tube Mvlihod arid
Am. J. Mled. 13, 725-1)(1952). a Miiltitubhe M~ethod of Assaying V- 131 Uptake

A 6 Blood Volume iii Congenital Cyanotic Heart by the Hluman Thyroid. M\. Perlmut ter. S.
D)isease: Simultaneous Mleasiurciiients with XWeisenifeld, arid] N1. Aiduuson. J. C/in. Endo-
Evans Blue aiid Radioactive Phosphorous. crinol. 11, 1012- 20(1951).
11. W. Scot~t, Jlr.. S. It. Elliott, 11, anid It. C. (Clay. A 16 A Comipuitat ional Proceduire for I he Isotope
Ball. JIohns flopkiins Hiosp. 8.9, 121-32(1951) * Method of Brain Tumnor Lo~calizationi. A. Langer

A 7 Blood Volunie Stutdies withI Radio Active Is-u arid It. Loeviiiger. Scierce 117~. 247--8( 1953).
tope. B Koser.Am.J. JM. rechot.19, A 17 D)etection of Concealed 'lhvroid D~isease by-

t291s 7 B93. KotrT'rn . Me. T c nl 9 iacer Technique. L. Re 'ynoldls, K. E. (Corrigani,

A 8 Bonie Marrow iii the D~iagniosis and Treatmeneit a3( ti, (153.Il ydn J.A.Af4As, 1,
of Pol~vcvthenmia Vera. M. Block, L. 0. .Jacob- AI h eeto flircai einFswili
soil, ati( WN. Bethiard. Proc. 1nxt. .led. of Recurrent, Tumnors, hiv the Use of Radioactive

('hiago 9, 8-6(152).Isotopesatid the Sc it illato mu(orinter. NI. Ash-
A 9 Breast-('anicer Prognosis and Ovarian Cortical keiiazv. J. Amn. Pharat. .Isxoc. Sri. Ed. 42,

Stronial Ilyperplasia. It. G;.N Mcatnus atid S. C. 125- 601953).
Sommtters. New Entgi. J. M.led. 2,;6, 890-2(1952). A 19 Detect ion (if hit raucular Tiitiors withi thle Use

A 10 Clinical E'valuiationi of the Itepati R adioact ivity ~ of Radioactive Phosphurrits. .1, S. Krohui('er,
Suirvey. H. T. Yuthl and L. A. St irrett.t A.-itn. C. 1. Thomas. .1. P. Si orassli. atio If. L,. Iriedell.
Surg. 138, 857--62(1953). Radiology Hl, 91W 21)0953in.
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A 20 Detection of Intraocular Tumiors by the Use of A 36 Evalurat ion of Radioactive Isotopes as air Ad-
Radioactive Phosphorus. C. I. Thomas, J. S. juliet to Surgical I)iagnosis and Therapy.
Krohnier, J. P. Storsasli, arid 11. L. Friedell. M. NI. Copelaund. J. Bone Joint .N'urg. 33-1,
Am. J. Ophthalmnol. 38, Part 11, !)3-100(1954). 1021 -30(1951).

A 21 The Determination of Thyroidal and Renal A 37 Evaluation of the Radioactive Mapping Technic
Plwasa 1-131 Clearance Rates as a Routine in the Surgery of Brain luntors. 1B. Selversturie
Diagnostic Test of Thyroid I)ysfunetion. S. A. and .J. C. \%'hit(-. ,lnn. Surg. 1341, 387l95( 1951).
Berson, R. S. Y'alowv, J. 8orrentino, and 13. A 38 E-Ivaluation of the Radiocardiograin iii Heart,
Roswit.. J. C/in. Invest. 31, 141-58(1952). Failure. It, A. Shipley and It. E. C'lark. J. Lab,

A 22 Diagnosis of Equivocal ltypothyroidismn, U.sing 'tin. . illd. 40, 943-4(1952).
Thyrotropic Hormone (TsII. N. G. Schnree- A 39 An Evaluation of the Radioiodine Concentration
berg, W. 11. Pcrloff, and L. N1. Levy. J. Chin. Tfest iii the Study of Thyroid IMsease. N. G.
Fiulocrinol. and Metabolism 1.,, 223-31(1954). Sehneeberg, W. H. Perlotl, and W. Serher.

A 23 IMagnosisof Hypothyroidisin. P. Starr. J. Clin. Radiology .56, 869-75(1951).
Endocrinol. and Metabolism 13, 1422-7(1953). A 40 An Evaluation of the TI'echnic and Results of the

A 24 D)iagnosis and Localization of Organic Lesionis of Radioactive IDi-iodofluorescein Test for the
the Central Nervous Systemn Using Radioactive Localization of Intracranial Lesions. M. Ash-
Diiodofluorescein. L. l)avis and S. L. Goldstein. kenazy- , L. D)avis, and J. Martin. J. iAeurosarg.
Radiology .59, 514-20(1952). 8, :100-14(1951).

A 25 The I)iagnosis of Morphologic Abnormialities of A 41 Evaluation of a Thy'roid Panel Practical Appli-
the Human Thyroid (,land lbv Means of 1-131. cation of Scintillation Counter in M)agnosis of
F. K. Bauer, W. I. Goodwin, It. L. Libby, arid Diseases of the Thyroid. '1'. F. Barre-tt, H.
B. Cassen. Radiology 61, 935--7(1953). Peck, F. K. Baumer, It. L. I~Libby. andl S. It.

A 26 The Imagnosis of Thyroid IMsease. 1). AV. Jarrett. J. Am. Med. Assoc. 1.52, 1414-7(1953).
Petit and F. Scharles. Postgrad. Med. 12, A 42 Experience with the Conversion Ratio as a
545-51(11952). Measure of Thyroid Activity. K. F. Balls,

A 27 Diagnostic Studies with Radioactive Isotope J. M. Phillips, and J. D. Hardy. Am. J. Med.
Tracers. K. E. Corrigan and H. S. Hayden. Sci. 221, 231-2(1951).
Radiology 59, 1-18(1952). A 43 Experiences with the Moore Technique of

A 28 D)iagnostic Technics with ]Radioiodine. S. C. Localization of Cerebral Tumiors with Radio-
Werner. Med. Ann. Dist. Columbia 22, active Substances. E. B. Schle~singer. Surg.
12-6(1953). Forum, Proc. Forumi Sessions, 36th Clin. Con gr.,

A 29 Diagnostic Use of Radioactive Iodine: Report Am. Coll. Surgeons, Philadelphia, 11'. B. Saunders
of 1,000 Cases. E. C. Albright. J. Lab. Clin. Co., 368-71(1951).

Med 40 77(192).A 44 Experimental Location of 'Myocardial Infarction
Med.40, 76(152).Using Radioisotopes. W. . K. Yates. U. S.

A 30 Diagnostic Use of Radioactive Isotopes. L. Rey- Armed Forces Med. J. 3, 1597-602(11952).
nols, . E Crrigan, an t .Hayden. A. A 45 Failures, Flops and False Localizations in Tracer

J. Roenigenol. Radium Therapy Aruclear Med. 68, Technic. K. E. Corrigan and Hf. S. Hayden.
42 1-34(1952). Radiology 60, 870-84(1953).

A 31 Diagnostic Use of Radioisotopes in a General A 46 The Hepatic Radioactivity Survey. L. A. Stir-
Hospital. It. WV. Emierick, L. E. Holly, A. 11. rett, E. T. Yuhl, and Rt. L. Libby. Radiology
.Joistad, .Jr., and K. FK Corrigan. J. Am. Mled. 61, 930-4(1953).
Assoc. 1.54, 493-5(1954). A 47 Hypothyroidisin Due to Thyrotropin Deficiency

A 32 The D)istribution of Admninist~ered Radioactive without Other Manifestations of Hypopituitar-
Rubidium (Rb86) in Normnal and Neoplastic ismi. C. 1R. Shuman. J. Clin. Endocrinol.
Tissues of Mlice and Humians. A. Zipser and Metabolism 13, 795-800(1953).
A. S. Freedherg. Cancer R~esearch 12, A 48 Inhibition of a cervical Thyroid Gland by a
867-70(1952). Fu nctioninrg Strmnma Ovarii. 'M. Perlinutter and

A 33 D~istribution of Radioactive Phosphorus in U. Mufson. J. Clin. Endocrinoi. 11, 621-9
Ocular Tissue. E. B. D~unxphy arid B3. Selver-(15)
stone. Am. J. Ophthalmol. 34, 1603(1951). A 49 Instrumentation for Thyroid 'Measurement. G.

A 34 Evaluation of the~ Conversion of Radioactive L. Brownell and J1. B. Stanbury. J. ('(in.
Inorganic Iodine to Protein-Bound Iodine as a Enidocrinol. Metabolism 13, 210-2t)(19,53).
l)iagnost~ic Aid in Thyroid D~ysfunction. W. N. A 50) The Iodine-Deficient Hluman Thyroid Gland], A
Harsha. J. Clin. Endlorrinol. 11, 1524-31(11951). Prelinminary Report. ,J. B. Stanbury, G. L.

A 35 Evaluation of Diagnostic 'Methods in D~iseases Brownell, 1). S. Riggs, 11. Perinett~i, E. D)el
of Thy'roid Function, with Particular Reference Castillo and J1. Itoiz. .1. Clin. Endocrinol.
t~o Radioiodine Tracer Tests. B. Roswit, J. A. Metabolism 12, 1101-2(07(19,52).
Rosenkrantiz, J1. Sorrentino, It. Yalow, and 1. A 51 Isotope E'nice phaloinet ry: External Localization
Berlin. Am. J. Med. Sci. 223, 229 38(0952). Techniques for the D)iagnosis of Brain Tumors.
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Rapport, G. M. Curtis and S. J. Simcox. J. 78, 277-9(1953).
Clin. Endocrinol. Metabolism 12, 1373-9(1952). A 71 Measurements of Absolute Radioiodine Uptake

A 55 The Laboratory Diagnosis of Hyperthyroidism: in the Assessment of Human Thyroid Activity.
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A 57 Lingual Thyroid; the Use of Radioactive Iodine A 73 A method for the Determination of Small Doses
in Diagnosis. J. R. Timmons and J. M. of 1-131 in the Urine. W. E. Goodwin and
Timmons. Ann. Surg. 133, 90-4(1951). W. D. Harris. J. Lab. Clin. Med. 38, 470-3
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